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Preface 

This book covers all areas of disease and health. The contributions by the authors include PMTCT 
services; HIV; pregnant women; antioxidant vitamins; oxidative damage; malaria; mortality; anemia; ebola 
virus disease; surveillance; RNA virus; Giardia; job's syndrome; surgical delay; public hospital; healthcare 
organization; disaster management; emergency preparedness; diabetics; foot care; tertiary care hospital; 
public health; antibiotic contamination fluorescence detection; fluoroquinolone antibiotics; adolescents; 
NCHS; sanitation; hygiene facilities; medicine; drug; diarrhea; entomological surveillance; mosquito 
control etc. This book contains various materials suitable for students, researchers and academicians in 
the field of disease and health. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 



ii 
 

 
 



_____________________________________________________________________________________________________ 
 
1AMOOF Healthcare Consulting, Canada. 
2Essex County College, Newark, New Jersey, USA. 
3 Epidemiology Division, Nigeria Center for Disease Control (NCDC), Federal Ministry of Health, Nigeria. 
4Saint James School of Medicine, BWI, Anguilla. 
*Corresponding author: E-mail: sanyakunle@hotmail.com; 

 
 

Chapter 1 
Print ISBN: 978-93-89562-80-4, eBook ISBN: 978-93-89562-83-5 

 
 

 

Global Epidemiology of Ebola Disease: A Review of 
the West African Outbreak 
 
Adekunle O. Sanyaolu1*, Chuku Okorie2, Olanrewaju Badaru3, Alex Adler4, 
Michelle Boucher4, Kurtis Carlson4, David Johnson4, Myriam Jolicoeur4, 
Aleksandra Marinkovic4, Philip Mead4, Delini Sivakumar4, Madison Stewart4  
and Alexander Stirpe4 
 
DOI: 10.9734/bpi/ctdah/v3 

 
 

ABSTRACT 
 

EVD is a disease of humans and other non-human primates caused by Ebola viruses, which was first 
discovered in 1976. Between 1976 and 2013 there had been 24 outbreaks of the disease. The recent 
outbreak is the 26

th
 and has seen more deaths than all other outbreaks from the disease combined. 

This outbreak in West Africa occurred in five countries: Guinea, Liberia, Nigeria, Senegal, and Sierra 
Leone. In the present research article, the authors reviewed various studies and current research on 
EVD. EVD was initially restricted to West Africa when the outbreak was first identified but later was 
reported in several countries around the world, including the USA. Researchers have begun to use 
mathematical analysis from previous outbreaks to construct the Atangana's Beta Ebola System of 
Equations (ABESE), which is being used to predict the spread of future outbreaks. The 
pathophysiology and transmission factors, including the basic and effective reproduction numbers, R0 

and Re are discussed in detail. Prevention and control measures, such as proper hygiene techniques 
(both preventative and post-exposure), education (including educating communities on proper burial 
techniques), reduction in the consumption and exposure to bush meat, and controlled prevention of 
the spread of the disease (proper personal protective equipment and protocol upon exposure or in 
high-risk environments), are outlined. The history and current outbreak are reviewed in detail, which 
compares the differences in previous outbreaks compared to the current. Earlier (and less deadly) 
outbreaks have also been traced to the ZEBOV strain, and researchers suggest that the evolutionary 
rate of gene mutations was accelerated in this current outbreak. Death occurs in approximately 40% 
of affected individuals within 7-12 days after the onset of initial symptoms and is most often 
associated with multi-organ failure. Researchers outline the WHO’s criteria for screening and 
diagnosis, including primary, secondary and entry screening.  There is currently no approved cure for 
EDV, only supportive and experimental treatment and a currently FDA approved vaccine from Merck 
& Co’s. There are ongoing trials on the following vaccinations: ZMapp, TKM-Ebola, Favipiravir, cAd3, 
rVSVΔG-ZEBOVGP12, REGN-EB3 and mAb-114. This review article will attempt to summarize the 
current state of understanding on EVD and explore the most recent and accepted information 
including the epidemiology of the disease, etiology and pathophysiology, transmission, prevention and 
control, history, recent outbreaks in West Africa, clinical manifestations, screening and diagnosis, and 
treatment and clinical trials. 
  

Keywords: Ebola virus disease; outbreak; surveillance; RNA virus. 
 

1. INTRODUCTION 
 

Ebola virus disease (EVD), also known as Ebola hemorrhagic fever (EHF), is a disease of humans 
and other primates caused by Ebola viruses. The disease was first identified in 1976 during two 
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simultaneous outbreaks in sub-Saharan Africa, one in Nzara and the other in Yambuku, a village near 
the Ebola River, from which the disease takes its name [1]. The most widespread epidemic of EVD in 
history is currently ongoing in several West African countries. Between 1976 and 2013 there were 24 
outbreaks, the most recent being the 26

th
. The 24

th
 outbreak was first reported in Guinea in December 

2013 and later spread to Liberia and Sierra Leone. As of March 12, 2015, the most recent outbreak 
has 24,350 reported cases resulting in 10,004 deaths [2]. 
 
Past outbreaks were brought under control within weeks, however, this is the first EVD outbreak since 
its discovery to become an epidemic. The failure to control the epidemic may be due to its occurrence 
in areas of extreme poverty, dysfunctional healthcare system, distrust of government officials after 
years of armed conflict and the delay in responding to the outbreak for several months [1]. 
 

Symptoms of the disease typically present within two days to three weeks of contracting the virus and 
include but are not limited to fever, sore throat, muscle pain and headaches. As the disease 
progresses, vomiting, diarrhea, rash, decreased liver and kidney function, and internal or external 
bleeding may occur. The disease has a high risk of death, killing between 25 and 90 percent of those 
infected, with a recent average of 71% [1]. Infected patients usually die within six to sixteen days 
following the onset of symptoms, most commonly due to low blood pressure from fluid loss [3]. 
 

The virus spreads by direct contact with body fluids of an infected human or animal. Even after 
recovery from EVD, semen or breast milk may still carry the virus for several weeks to months. The 
natural reservoir of EVD is unknown, but fruit bats are believed to be the likely reservoir and can 
spread the virus without being affected by it. Blood samples are tested for viral RNA, viral antibodies, 
or for the virus itself to confirm the diagnosis [4]. 
 

Control of outbreaks requires a myriad of tightly regulated precautions and procedures including 
coordinated medical services, alongside community involvement. The medical service surveillance 
includes rapid detection of cases of the disease, contact tracing of those who have come in contact 
with infected individuals, quick access to laboratory services, and proper healthcare for those who are 
infected, and proper disposal of the dead through cremation or burial [4]. 

 
There is no specific Food and Drug Administration (FDA) approved treatments or vaccines for the 
virus, although several potential treatments are being studied by clinical trials. Supportive or palliative 
care, including oral rehydration therapy and intravenous fluids, can treat symptoms and improve 
outcomes of the disease. As the outbreak continues presently in the Democratic Republic of Congo, 
the common goal is to gain control of the disease and eradicate it.  
 

This review article will attempt to summarize the current state of understanding on EVD and            
explore the most recent and accepted information including the epidemiology of the disease,             
etiology and pathophysiology, transmission, prevention and control, history, recent outbreaks, clinical 
manifestations, screening and diagnosis, treatment and clinical trials. 
 

2. EBOLA EPIDEMIOLOGY 
 
2.1 Surveillance and Bio-monitoring 
 
The recent Ebola virus outbreak in West Africa occurred in five countries: Guinea, Liberia, Nigeria, 
Senegal, and Sierra Leone. A total of 11,296 cases, including confirmed and probable cases, were 
reported [5]. Although the Ebola virus outbreak was initially restricted to West Africa, in July of 2014, 
two American health care workers in West Africa were diagnosed with Ebola and then transported to 
a hospital in the United States of America (USA) for treatment. Later in the same year, a person who 
recently traveled to an Ebola-infected country was diagnosed with the virus in Texas [6].   
 

Through proper surveillance, the USA, West African countries, and non-infected countries can: 
examine the effectiveness of current control and preventive health measures, keep track of changes 
of the infectious agent (Ebola virus), support health planning and designate appropriate resources 
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within the healthcare system, identify high-risk populations as well as areas needing targeted 
interventions, and also provide a record of disease activity for future reference [7]. 
 
The 2013-2014 EVD outbreaks mimicked the Ebola outbreak of Zaire in 1976. The causative 
organism of both was the Zaire Ebola virus and they began in rural forest communities. Those 
infected with EVD reported to hospitals with symptoms resembling those of malaria, typhoid, Lassa 
fever and/or influenza. Healthcare professionals were unprepared to handle the virus and some even 
came in contact with infected patient’s bodily fluids, further exacerbating the outbreak. To stop the 
spread of the EVD in Zaire, the government quarantined the people, commercial planes and boats 
were not allowed in the country, and citizens were not permitted to leave their villages. The remains of 
the deceased were properly disposed of by cremation or placed in metal caskets according to the 
guidelines enforced by the Center for Disease Control and Prevention (CDC) for postmortem 
preparations. Surveillance teams led by trained healthcare professionals visited the 550 villages. 
Teams wore protective gear and brought first-aid kits, thermometers, antimalarials, antibiotics, and 
antipyretics.  Patients displaying symptoms of fever were given medication and advised to stay 
isolated from others. The most recent Ebola virus outbreak was treated similarly to the outbreak of 
1976. Priorities included the identification of infected patients and surveillance and care of those 
patients and their close contacts [8]. 
 
New York City (NYC) is a common entry point for travelers from West Africa; thus, safety precautions 
were implemented to prevent an outbreak of the Ebola virus in the United States.  This involved 
screening checkpoints set-up at various international airports around the world, including, but not 
limited to, the United States: Atlanta Hartsfield-Jackson International Airport, Newark Liberty 
International Airport, Washington-Dulles International Airport, Chicago-O’Hare International Airport, 
and New York JFK International Airport [8]. The NYC Department of Health and Mental Hygiene 
(DOHMH) worked closely with local hospitals and physicians, non-governmental organizations, 
community groups and city, state and federal agencies to control the current situation and reduce the 
outbreak from spreading. 

 
Clinicians were required to call DOHMH immediately after identifying any patient that met the CDC 
case definition for a person under investigation (PUI): a person who traveled to an Ebola-affected 
area within 21 days of onset of symptoms i.e. fever over 38.6°C (101.5°F), severe headache, muscle 
pain, vomiting, diarrhea, abdominal pain or unexplained bleeding. Also, obtaining a full travel history 
from febrile patients is needed to further avoid an Ebola outbreak. Although it is a challenge for health 
care providers to remain vigilant for high-consequence diseases that occur rarely, it is of critical 
importance to be prepared for such a case [9]. 
 
To effectively estimate the spread of future Ebola outbreaks, mathematical analysis from previous 
outbreaks have been utilized to construct the Atangana's Beta Ebola System of Equations (ABESE). 
The equations were modeled after classical derivative and then modified to incorporate a time scale 
for the spread of Ebola via the beta derivative, which is a binomial coefficient between 0 and 1. 
Assuming that in a population of 1000 individuals with 900 being susceptible to Ebola, when beta is 
equal to 1, all individuals are infected and deceased, demonstrating an unrealistic outcome. The 
ABESE has shown to accurately estimate the amount of susceptible, infected, recovered, and 
deceased individuals for a given West African population when beta is less than 0.5. When looking at 
a period of time when rates of death, infection, recovery, and susceptibility of individuals have 
plateaued, the findings estimated 540 deaths, about 300 recoveries, 40 susceptible, and 10 infected 
[10].  

 
2.2 Etiology and Pathophysiology 
 
The pathophysiology of functional changes that accompany the single-stranded RNA Ebola virus is 
not fully understood; however, part of its pathogenesis has been elucidated [11]. Studies have 
suggested that the virus enters the host through mucosal surfaces, breaks, and abrasions in the skin, 
or by parenteral introduction; though recent reports suggest that it is by direct contact with infected 
patients or cadavers. The organism has a broad cell tropism, which can infect a wide range of cell 
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types. Studies in nonhuman primates have shown that fibroblasts, monocytes, dendritic cells, 
hepatocytes, macrophages, endothelial cells, adrenal cortical cells, as well as other cell types, have 
supportive features for the virus to replicate [12].  
 
The Ebola genome codes for four virion structural proteins: VP30, VP35, nucleoprotein, and a 
polymerase protein. Also, there is VP40, glycoprotein, and VP24 which is a three membrane-
associated protein within the virus. The surface glycoprotein is encoded in two frames: an open 
reading frame identified as OPF I and II. Open reading frame I encode for a small, soluble, 
nonstructural secretory glycoprotein (sGP) that is readily detected in the serum of the infected hosts 
[13]. This secretory glycoprotein binds to neutrophil CD16b, which is exclusively expressed by human 
neutrophils and binds IgG in immune complexes [11]. In other words, sGP is responsible for inhibiting 
early neutrophil activation and may also be responsible for the profound lymphopenia (a condition of 
having an abnormally low level of lymphocytes in the blood), a unique feature and characteristic of the 
Ebola infection [14]. Thus, studies suggest that sGP plays a pivotal role in the ability of the virus to 
prevent an early and effective host immune response.   
 

In conjunction, there are other transmembrane glycoproteins, respectively referred to as GP1 and 
GP2 delta-peptide. These glycoproteins may also be incorporated into the Ebola virion. The exact 
mechanism is not fully understood; however, it is thought that these transmembrane glycoproteins are 
responsible for binding to endothelial cells of an unknown cell receptor but not to neutrophils. 
Therefore, the Ebola virus is known to invade, replicate in, and destroy endothelial cells [13]. 
Destruction of endothelial surfaces is associated with disseminated intravascular coagulation (DIC) 
and this may contribute to the hemorrhagic manifestations that are seen with late-stage Ebola 
infections. Clinical infection is associated with rapid and extensive viral replication in all tissues and 
accompanied by widespread and severe focal necrosis. The characterization of filovirus pathogenesis 
and a thorough understanding of the cellular mechanism are relevant to demonstrate the 
effectiveness of new biological products for the control and prevention of the disease [15]. 
 

Fig. 1 the flow chart depicts the pathogenesis of Ebola virus infection. The mode of infection can be 
divided into three phases. Phase I is characterized as the transfer of the virus from an animal carrying 
the virus to a human, usually via small cutaneous lesions and subsequently, human-to-human 
transmission. Phase II is denoted as the early symptomatic stage. The early symptomatic stage 
typically occurs between days four and ten and is the stage of infection where symptoms of a viral 
illness appear and progressively move toward more advanced manifestations of the disease. Phase 
III is representative of the advanced disease, with hemorrhagic manifestations, impaired immunity, 
and end-organ failure [11]. 
 

3. TRANSMISSION 
 
The causative agent of Ebola is an RNA virus of the family Filoviridae and the genus Ebola virus. Five 
different strains of Ebola virus have been recognized, specifically the Zaire Ebola virus (EBOV), Tai 
Forest Ebola virus (TAFV), Sudan Ebola virus (SUDV), Reston Ebola virus (RESTV), and Bundibugyo 
Ebola virus (BDBV) [16]. All strains are considered pathogenic to humans, except for RESTV [17]. 
However, the vast majority of past Ebola outbreaks in humans are associated with EBOV, BDBV, and 
SUDV [18]. 
 

Human outbreaks are believed to result from direct human exposure to fruit bats or intermediate 
infected hosts, such as non-human primates or pigs [17]. The hammer-head fruit bat (Hypsignathus 
monstrosus) and the little collared bat (Myonycteris torquata) have been implicated as the most 
probable reservoirs for the virus [19]. Contact between bats and non-human primates may occur as 
they compete for resources during the dry season. Once the initial zoonotic transmission has 
occurred, the human epidemic can progress by direct human-to-human contact. Sequencing studies 
conducted on 99 Ebola virus genomes from 78 patients in Sierra Leone suggest that while the initial 
transmission was zoonotic, subsequent transmissions are likely a result of human-to-human contact 
[20]. Human transmission occurs through contact with body fluids: Vomitus, diarrheal stool, blood, 
sweat, semen, saliva, breast milk, and tears [2,21]. Concerning the possible routes of transmission, 
transfer through saliva during disease is particularly alarming because spread can occur through 
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intimate contact and from food sharing, mainly because in Africa eating with hands from a common 
plate is customary [2]. Patients are considered infectious during the symptomatic period and remain 
highly infective until they enter the recovery phase. Infected individuals are contagious when they 
begin to show symptoms and without isolation each Ebola patient is estimated to infect around 1-8 
additional people, leading to exponential growth and a doubling time of 20 days [22]. Large outbreaks 
of Ebola virus are commonly spread by person-to-person transmission, with caregivers both at home 
and those in hospitals being at a higher risk [23]. Corpses are also viewed as highly infectious 
[21]. Unsafe burials that involve washing, touching and kissing Ebola-infected bodies are major 
infection risks [23,24]. Controlling transmission requires reducing contact with bodies, body fluids of 
an infected person and contaminated items such as clinical wastes, clothing, and mattresses [21]. The 
disease transmission does not occur through insect bites, airborne routes or water sources, so 
stopping transmission should be possible with early detection and proper management [4]. 
 

 
 

Fig. 1. The pathogenesis of Ebola virus infection 
Adapted from Kalra S. et al. [11] 

 
Information on the force of transmission of Ebola infection is critical to understanding and controlling 
the epidemic. Two important parameters used to describe the spread of infection are the basic and 
effective reproduction numbers, R0 and Re [25]. The basic reproduction number, R0, is of particular 
concern when modeling an infectious disease as it provides a reference for dissemination within a 
population [26]. It is interpreted as the average number of secondary cases generated by an infected 
individual during the entire course of infection in a susceptible population and in the absence of 
control interventions [26]. Althaus described the EBOV epidemic using an SEIR (susceptible-exposed-
infectious-recovered) model with time-dependency and fit the model to reported data of infected cases 
and death in Guinea, Sierra Leone and Liberia during the 2014 outbreak [25]. The estimates were 1.5 
for Guinea, 2.5 for Sierra Leone and 1.6 for Liberia. In a population with a presence of control 
interventions or prior exposure, the Re of a disease outbreak is quantified as the average number of 
individuals infected by each newly infected person.  If Re<1, then an infected individual produces less 
than one newly infected individual, and the transmission may discontinue because it is not self-
sustaining [26,27]. If Re >1, the only public health intervention that may be effective is a vaccination 



 
 
 

Current Trends in Disease and Health Vol. 3 
Global Epidemiology of Ebola Disease: A Review of the West African Outbreak 

 
 

 
6 
 

protocol; therefore, all other attempts will be overpowered by existing modes of infection. Public health 
scientists concluded that the Re from June to August 2014 ranged between 1.4 and 1.7 in Sierra 
Leone and Liberia and that efforts should focus on reducing Re to below 1 [27]. The key to reducing 
Re and controlling the epidemic is rapid diagnosis, isolation, and treatment of infected patients.  
According to estimates from the U.S. CDC, about 60% of all Ebola infection in West Africa was 
undiagnosed, and there is potential for a marked increase in cases by mid-2015 [27]. 
 
4. PREVENTION AND CONTROL 
 
Providing education to at-risk populations is the key to preventing an Ebola outbreak. Through the 
promotion of biosecurity (including infection-control education and proper supplies for hospitals), the 
risk of an outbreak will be reduced. Unfortunately, in many areas where Ebola outbreaks are common 
- such as the recent outbreak in Sierra Leone, prevention and control efforts, procedures, facilities, 
staffing, transportation of teams, and supplies were not sufficient to respond to such a dangerous 
epidemic [28]. While there are many elaborate, expensive, and advanced methods in regard to 
preventing the spread of the Ebola virus, proper hygiene is still considered one of the most useful 
preventive measures. Proper hand hygiene includes the use of alcohol-based hand rub or soap and 
running water. The uses of alcohol-based products, along with heat, and sodium hypochlorite (or 
calcium hypochlorite) have been shown to eliminate the Ebola virus from contaminated environments 
[29]. Utilization of soap and water or alcohol-based hand sanitizers has been proven to disrupt the 
envelope that contains virulent glycoproteins that coat the single-stranded RNA Ebola 
virus. Educating at-risk populations about the importance and use of full personal protective 
equipment (PPE) and heavy rubber gloves, along with supplying these populations with these 
materials, is another preventative measure that is encouraged. Additional measures to reduce the 
number of outbreaks include providing guidance that encourages behavioral and cultural changes, 
such as safe burial methods and funeral ceremonies [23]. The remains of a deceased victim should 
be sealed in a double bag, wiped down with a 0.5% chlorine solution, and labeled as highly infectious 
material. The remains should then be placed inside a coffin and buried promptly. A post-mortem 
examination is not advised and should be limited to only essential examinations that are performed 
strictly by trained personnel [29]. The implementation of this is a difficult task due to long-standing 
local funeral practices that involve the touching of deceased persons, potentiating the spread of 
contaminated body fluids [23]. If an uninfected person comes into contact with body fluids containing 
the Ebola virus, the individual is instructed to immediately and safely stop their current task, wash the 
exposed area with soap and water, irrigate mucous membranes with copious amounts of water and/or 
an appropriate solution, and report the incident to the local coordinator. The exposed person will then 
be evaluated medically and will receive follow-up care twice daily for 21 days post-exposure [29]. This 
procedure also applies to those who had contact with the infected individual.  Contact tracing, 
identification, and temperature monitoring daily for 21 days are required for each at-risk or infected 
person. Another preventive measure is to reduce contact with bats as well as the handling of bush 
meat. This is difficult for some areas where bush meat is the main sustenance for the local population; 
however, in these cases, safer slaughtering and handling are encouraged [23]. 

 
Once a person is suspected of contracting the Ebola virus, strict measures are set in place to control 
the risk of spreading the virus to unaffected medical workers and the local population. Suspected and 
confirmed patients are placed in single isolated rooms, or if not possible, in cohort areas where they 
are kept at a minimum of one-meter distance apart. Access to affected patient rooms should be 
limited. Medical staff attending to infected or uninfected patients, as well as the patient visitors, should 
only be in the proximity of the infected patient if they are necessary for the patient’s well-being and                
care [29]. 

 
Control measures are essential to prevent the spread of the disease to other patients, healthcare 
workers, and visitors [14]. Unfortunately, this basic control measure is hard to implement in certain 
regions of Africa because not only is the area stricken with a low ratio of health-care workers to 
population size, but it is also lacking in personal protective equipment, such as gloves, gowns, and 
facemasks [14]. However, the World Health Organization (WHO) has established guidelines that all 
persons entering or exiting the rooms of infected patients (i.e. medical staff, visitors, aides, cleaners, 
etc.) should follow. These guidelines include: 1) proper hand hygiene; 2) full set of personal protective 
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equipment (PPE) including double gloves, gown, apron, mask, eye protection and waterproof boots; 
3) careful removal and disposal of PPE before exiting the room; 4) proper disposal of single-use PPE 
and proper cleaning/decontamination of reusable equipment; 5) dedicated equipment for each patient. 
The cleaning technique applied varies depending on the type of reusable PPE, linens, and surfaces 
that the facility is using. Face shields and goggles should be rinsed with water to remove organic 
material, immersed fully in a 0.5% chlorine solution for a minimum of 10 minutes, and rinsed again 
with water. Before leaving an isolated area, boots should be decontaminated by stepping into a bowl 
of 0.5% chlorine solution for at least one minute. Boots should also be soaked in a bowl of 0.5% 
chlorine solution for at least 30 minutes once a day. Linen, which is heavily soiled, should be 
incinerated or processed by autoclaving; however, mildly soiled linen may be washed in a laundry 
machine with detergent and water, rinsed, and then soaked in 0.5% chlorine solution for 15 minutes. 
Hand washing the linens is highly discouraged. Tables and surfaces should be cleaned with a 
detergent containing 0.5% chloride solution, followed by the application of a disinfectant. Floors 
should not be swept, but rather wiped down with a moist cloth to prevent air contamination [29]. 
 

The WHO has also established procedures for waste management. Waste should be segregated at 
the point of generation and should not be stored for longer than 24 hours. Solid waste may be 
incinerated, autoclaved, or buried. When burying waste, a pit must have a depth of about 2 meters 
and filled to a depth of 1-1.5 meters. Waste, such as feces, urine, vomitus, and liquid waste from 
washing, may be disposed of in a sanitary sewer. This is due to the fact that the environment is 
capable of inactivating the Ebola virus faster than other enteric viruses [29]. 
 

5. HISTORY 
 
The Ebola virus first appeared in 1976 during two outbreaks, which occurred simultaneously. The first 
occurrence was in Nzara, Sudan and the other was in Yambuku, the Democratic Republic of Congo. 
Later, the deadly virus occurred in a village in close proximity to the Ebola River, where the virus took 
its name. In the first outbreak, the virus-infected over 284 people in Sudan, resulting in mortality rate 
of 53% [1]. In Yambuku, Zaire, 318 people were infected with a mortality rate of 88% [1]. The next 
largest outbreak of the disease occurred again in the Democratic Republic of the Congo (formerly 
known as Zaire) in 1995. This affected 315 individuals with a mortality rate of 81% (250 casualties) 
[1]. This incident occurred in Kikwit and the surrounding area. It started through a case-patient who 
worked in the forest adjoining the city and spread to the hospital [30]. Between 2000 and 2001, 
Uganda was struck by the Sudan strain of the virus; this strain infected 425 individuals with a mortality 
rate of 54% (224 casualties) [31]. This viral strain occurred in Gulu, Mbarara and Masindi districts of 
Uganda. Individuals who attended funerals of patients infected with the Ebola virus initially contracted 
the virus.  Improper medical care to patients and lack of personal protective equipment for the medical 
staff contributed to the spread of the disease [32]. From December 2002 to April 2003, the Republic of 
Congo was affected once again by the Ebola virus, infecting 143 individuals and resulting in an 89% 
(128 casualties) mortality rate [32]. These outbreaks occurred in the districts of Mbomo and Mbandza 
villages. In 2007, four years later, the Republic of Congo was again affected by an increase in the 
number of cases. There were 264 individuals infected with the virus, resulting in a 71% mortality rate 
(187 casualties) [32]. Several years later, from March 2014 to the present day, the number of reported 
cases in affected countries reached a total of 24,202 individuals that were infected with the Zaire 
virus. The mortality rate among these cases is 41% (9,936 casualties). This outbreak involved a 
number of countries across West Africa, including Guinea, Sierra Leone, and Liberia (Fig. 2) [31]. 
 

6. RECENT OUTBREAK SITUATION IN WEST AFRICA 
 

The 2014 Ebola virus disease (EVD) epidemic was the largest and most complex, killing more people 
than all previous Ebola outbreaks combined [33]. Several West African countries were affected, 
primarily Guinea, Liberia, Sierra Leone with secondary cases in Mali, Nigeria, Senegal, Spain, and the 
United States [34]. As of August 12, 2015, there were 27,965 reported cases of Ebola virus infection, 
with a 40.4% mortality rate [35]. However, these statistics under reported the countless number of 
patients in developing countries that failed to seek local healthcare services. The obstinate 
progression of the outbreak can be attributed to deficient healthcare systems, mobile populations with 
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uncontrolled borders, overcrowded cities, and funeral customs involving close contact with corpses 
[36,37]. 
 
The Zaire Ebola virus (ZEBOV) strain was associated with the 2014 Ebola outbreak in West Africa. 
Compared with earlier outbreaks involving the ZEBOV strain, researchers suggested that the 
evolutionary rate of gene mutations was accelerated in this current outbreak. This ultimately suggests 
that more ZEBOV variants were being transmitted from human-to-human during this epidemic [33]. 
 

 
 

Fig. 2. The 2014 Ebola outbreak in West Africa - outbreak distribution map 
Adapted from WHO, (2015) [1] 

 
Researchers traced the 2014 Ebola outbreak to a 2-year old male from the small Guinean village of 
Meliandou who initially came down with symptoms of fever, vomiting, and black stools in December 
2013. The initial source of transmission remains unclear. It was reported that a healthcare worker 
spread the disease to neighboring regions, and in the months following the index case, thousands of 
people living in Guinea, Liberia, & Sierra Leone died of similar symptoms [36]. In March 2014, the 
WHO declared a major Ebola outbreak in Guinea.  After the initial report, the outbreak was considered 
to be self-limiting and restricted in geographic spread. Unfortunately, due to poor local health systems 
and people in the region traveling across rural areas along the border, the virus began to spread 
rapidly [38]. 
 

In August 2014, the United Nations Health Agency declared the Ebola outbreak an international public 
health emergency. A nurse aide in Spain was the first to contract the virus outside of West Africa 
when she cared for missionaries who had just returned from Liberia and Sierra Leone. On September 
20, 2014, the first travel-associated case was reported in the United States and the patient eventually 
became the only lethal case in the US [36].    
 

7. CLINICAL MANIFESTATIONS 
 

The incubation period, i.e. the duration of time from infection to when the first symptoms of Ebola 
present, commonly occur within a 4-10 day window (but may range from 2-21 days) [12].  Affected 
individuals generally presented to health care facilities on an average of 3.5 days from the onset of 
symptoms. 
 
The most common early manifestations associated with Ebola infection include fever (84% of EBOV + 
individuals), fatigue (65% of EBOV + individuals), generalized weakness and body aches (77% of 
EBOV + individuals), and mild tachycardia [39,40]. Less commonly, individuals in the early stages of 
infection experience non-bloody watery diarrhea (>5 L/day), abdominal aches, and conjunctivitis [3]. 
Gastrointestinal symptoms, including nausea, vomiting, diarrhea, and abdominal pain, are seen in 
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81% of affected individuals and typically presents 3-5 days post-onset of initial symptoms [39]. 
Headache, decrease in appetite, myalgia, and dysphagia tend to present 3.5-8 days post-onset of 
initial symptoms [3]. Within 5-7 days post-onset, patients may develop a non-pruritic maculopapular 
rash that begins on the lateral part of the abdomen and spreads throughout the body (sparing the 
head), and oftentimes becomes difficult to observe in the African population [40]. Late-onset 
symptoms that may occur include conjunctivitis and orchitis caused by the viral invasion of the 
anterior chamber of the eye and seminal fluid [41]. As the disease progresses, the patient may 
develop various forms of multisystemic pathologies as shown in Table 1. The total symptom load is 
predictive of disease progression and an increase in the number of symptoms is associated with a 
higher risk of mortality [3]. 
 

Death occurs in approximately 40% of affected individuals within 7-12 days after the onset of initial 
symptoms and is most often associated with multi-organ failure [40]. The three most indicative signs 
of lethality are the presence of hiccups, hemorrhage, and shock.  The presence of hiccups (15-28% of 
EBOV + individuals), is often a fatal sign of unknown origin; preceding tachypnea which is almost 
always followed by death [39,41]. Hemorrhages located within mucosal tissues (gums, 
gastrointestinal, nasopharynx, and respiratory tract) and skin puncture sites occur at the peak of the 
illness.  Hemorrhage is associated with increased prothrombin time (PT) and partial prothrombin time 
(PTT), failure of platelet function, and increased fibrin degradation products and is associated with 
hepatic and vascular damage.  The patient may present with hematemesis, epistaxis, petechiae, 
hematuria, hematochezia, and melena.  Melena is the only sign of bleeding that is not predictive of 
mortality [40]. Patients showing signs of hemorrhage have twelve times the risk of dying [3]. 
Approximately 50% of deceased Ebola individuals had signs of hemorrhage and 60% of patients 
developed shock due to hypovolemia, infection, and metabolic acidosis [12,31]. This typically leads to 
multi-organ failure and death [42]. 
 

The average duration of the disease is 9 days [3]. Ebola patients are discharged if PCR is negative for 
the virus and if they have gone 3+ days without gastrointestinal complications [40]. PCR may be 
negative for Ebola, but the virus may remain latent in tissues [43]. Approximately, 60% of these 
individuals survive. Ebola survivors in recovery may later die of arrhythmias

 
or may develop a cough 

and hemoptysis associated with pulmonary edema as a result of the aggressive treatment used to 
eradicate the virus [40,43]. 
 

Table 1. Multisystemic pathologies associated with Ebola virus 
 

System affected Associated signs and symptoms 

Gastrointestinal Anorexia, vomiting, diarrhea, pain, nausea, dysphagia, odynophagia, 
hemorrhage, melena, hematemesis, and hematochezia. 

Neurological Headaches, confusion, convulsions, seizure, and tinnitus. 
Cardiovascular Bilateral conjunctival injection, maculopapular rash, bleeding of mucosal 

tissues, and arrhythmias due to dehydration. 
Respiratory Cough with clear lungs. 
Musculoskeletal Myalgia and arthralgia. 
Renal Hematuria, renal failure due to hypotension, oliguria, and anuria. 
Hepatic Metabolic changes due to decreased yield of proteins and products. 
Immune Viral load suppresses immune response.  Will have necrosis with no 

inflammatory infiltrates.  Opportunistic infections may arise.  Spleen and 
lymphoid tissue depletion. 

Systemic Metabolic acidosis, fever, and hypovolemic shock. 

 
8. SCREENING AND DIAGNOSIS 
 
The implementation of screening measures is intended to identify infected individuals with Ebola, 
isolate them, and prevent them from traveling to minimize and stop the international spread. A single 
lapse in the detection of an infected traveler with Ebola can be devastating and may start another 
chain of transmission [19]. The combination of a long incubation period, nonspecific early symptoms 
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(fever, nausea, diarrhea, and weakness), and the rapid disease progression after onset, make Ebola 
screening challenging and therefore, it can be easily missed at border screening points [44].  
 
The WHO elaborated a guidance document in collaboration with the USA CDC, the International Civil 
Aviation Organization and the International Air Transport Association to assist countries in developing 
exit-screening plans and to help prevent the exportation of Ebola [5]. 
 
8.1 Primary Screening 
 
Primary exit screening (Fig. 3) includes health declarations, visual inspection, and thermography to 
detect symptoms. It allows the identification of travelers who may be symptomatic or who have been 
exposed to Ebola. The traveler is asked to complete a public health questionnaire, has his 
temperature measured and is visually assessed for signs and symptoms [5].  
 
8.2 Secondary Screening  
 
Travelers referred to secondary screening should undergo an in-depth public health interview, a 
medical examination conducted by healthcare professionals, and a second temperature 
measurement. Boarding should be denied if a traveler exhibits any clinical signs and symptoms 
consistent with Ebola, including a fever of 38.6°C (101.5°F), or has had any risks for Ebola exposure 
[5]. In addition to exit screening, countries are strongly encouraged to educate the population through 
extensive public health communication campaigns on prevention, risks of exposure and actions to 
take in case of infection.  
 

8.3 Entry Screening 
 
International entry screening at point of entry is not yet recommended by the WHO. Several studies 
have shown exit screening to be more efficient than entry screening. Exit screening at international 
points of departure would offer greater efficiency and might be simpler to operationalize than entry 
screening of all flights arriving directly from affected countries [44]. In addition, the combination of 
entry and exit screening has shown to have little incremental usefulness [44].  
 
Every clinician needs to be alert to the possibility of Ebola, take thorough travel histories, and 
promptly isolate and test ill patients who have returned from regions at risk in the past 21 days and 
have symptoms consistent with Ebola [19]. 
 

8.4 Diagnosis 
 
Diagnosis for Ebola can only be made after the onset of symptoms. It may take up to three days for 
the virus to reach a detectable level in the blood. It is usually accompanied by fever, which indicates 
the rise in circulating virus within the patient’s body [45]. The following laboratory tests can be used 
(Table 2) [46]. 
 

9. TREATMENT AND CLINICAL TRIALS 
 
Currently as of December 19, 2019, the United States Food and Drug Administration (FDA) approved 
the Merck & Co’s (MRK.N) Ebola vaccine Ervebo, thereby making it the first FDA-authorized vaccine 
against the deadly virus. In November 2019, Merck obtained approval from the European Commission 
to market Ervebo. The vaccine is administered as a single-dose injection to help prevent EVD caused 
by Zaire ebolavirus in patients aged 18 years and older [47]; however, no treatment to prevent EVD in 
humans or cure post-exposure patients has been approved. Treatment for EVD thus far has been 
supportive and palliative care, as well as prevention of spread. Treatment includes fluid resuscitation, 
maintaining electrolytes balance and hemodynamic monitoring initiated as early as possible following 
infection [48]. 
 
The recent Ebola epidemic in West Africa has accelerated clinical trials for possible vaccinations and 
treatment [30]. The ideal vaccine aims to provide long term protection against all species of Ebola and 



strains of the Marburg virus that are pathogenic 
clinical trials include ZMapp, TKM-
mAb-114. 
 

 

Fig. 3. The primary screening algorithm 

Table 2. Ebola virus diagnostic tests
 

Time of infection Diagnostic tests

Few days after 
onset of symptoms 

✓ Antigen
✓ IgM ELISA
✓ Polymerase chain reaction (PCR)
✓ Virus isolation

Later in disease 
progression or after 
recovery 

 
✓ IgM and IgG antibodies

Retrospectively in 
deceased patients 

✓ Immunohistochemistry testing
✓ PCR 
✓ Virus isolation

 
A candidate vaccine, NIAID/GSK Ebola Vaccine, was developed containing genetic material 
segments of the Sudan and Zaire virus species [30]. Development of the vaccine began in 2011 and 
the phase 1 clinical trial was to begin in 2015.  Due to the Ebola outb
trial was accelerated with the phase 1 clinical trial being completed in September 2014 [16]. The 
Ebola virus genetic material was delivered to human cells based on a recombinant chimp adenovirus 
type 3 (ChAd3), but the adenovirus vector did not replicate [30]. The phase 1 clinical trial enrolled 
healthy volunteers between the age of 18 and 50 years.  Volunteers were placed in two groups of ten 
each with one group receiving a low dose intramuscular injection of the vaccine and
receiving the same vaccine at a higher dosage. Blood samples were taken at two and four weeks post 
vaccination. All 20 volunteers generated anti
received the vaccine with the higher
Kingdom with 59 participants receiving a single dose of the ChAd3 vaccine at one of three dose 
levels. According to researchers, the ChAd3 monovalent vaccine initiated an immune response [49].
Antibody responses on ELISA were performed and showed a 100% response rate in the high
group and adverse events were mild and short
 
The vesicular stomatitis virus vaccines (VSVΔG
has been shown to protect against Ebola hemorrhagic fever virus in non
administered as a single injection [20]. It was developed by the Public Health Agency of Canada’s 
National Microbiology Laboratory and NewLink Genetics Corporation and was based
engineered version of the VSV (Vesicular Stomatitis Virus), which in humans rarely produces 
infections. In the vaccination, the VSV gene for the outer protein has been replaced with a segment of 
the gene for the outer protein of the Zaire
and safety results were expected in March 2015. In 2018, WHO advisory committee recommended 
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Fig. 3. The primary screening algorithm  
(Adapted from WHO, [2014]) [34] 

 
Ebola virus diagnostic tests (Adapted from CDC, [2015]) [46]

Diagnostic tests 

Antigen-capture-enzyme-linked immunosorbent assay (ELISA) testing
IgM ELISA 
Polymerase chain reaction (PCR) 
Virus isolation 

IgM and IgG antibodies 

Immunohistochemistry testing 

Virus isolation 

A candidate vaccine, NIAID/GSK Ebola Vaccine, was developed containing genetic material 
segments of the Sudan and Zaire virus species [30]. Development of the vaccine began in 2011 and 
the phase 1 clinical trial was to begin in 2015.  Due to the Ebola outbreak in May 2014, the cAd3
trial was accelerated with the phase 1 clinical trial being completed in September 2014 [16]. The 
Ebola virus genetic material was delivered to human cells based on a recombinant chimp adenovirus 

virus vector did not replicate [30]. The phase 1 clinical trial enrolled 
healthy volunteers between the age of 18 and 50 years.  Volunteers were placed in two groups of ten 
each with one group receiving a low dose intramuscular injection of the vaccine and the second group 
receiving the same vaccine at a higher dosage. Blood samples were taken at two and four weeks post 
vaccination. All 20 volunteers generated anti-Ebola antibodies with the levels higher in the group who 
received the vaccine with the higher dose [30]. A second clinical trial was completed in the United 
Kingdom with 59 participants receiving a single dose of the ChAd3 vaccine at one of three dose 
levels. According to researchers, the ChAd3 monovalent vaccine initiated an immune response [49].
Antibody responses on ELISA were performed and showed a 100% response rate in the high
group and adverse events were mild and short-lived [49]. 

The vesicular stomatitis virus vaccines (VSVΔG-ZEBOVGP) also known as V920 licensed by Merck 
wn to protect against Ebola hemorrhagic fever virus in non-human primates when 

administered as a single injection [20]. It was developed by the Public Health Agency of Canada’s 
National Microbiology Laboratory and NewLink Genetics Corporation and was based on a genetically 
engineered version of the VSV (Vesicular Stomatitis Virus), which in humans rarely produces 
infections. In the vaccination, the VSV gene for the outer protein has been replaced with a segment of 
the gene for the outer protein of the Zaire Ebola virus species. Human testing began in October 2014 
and safety results were expected in March 2015. In 2018, WHO advisory committee recommended 
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the use of Merck’s Ebola vaccine in the event of an outbreak. V920 was found to be 100 percent 
effective in protecting against the virus in the late-stage clinical trial [49,50,51,52,53]. 
 

A trial is ongoing for the therapeutic cocktail ZMapp. This experimental therapy made headlines in 
August 2014 when it was used to treat two American medical workers who had contracted the Ebola 
virus. The two workers made a complete recovery; however, it is unknown if the recovery was solely 
from the ZMapp therapy [50].  
 

ZMapp includes three monoclonal antibodies combined that were produced in plants, specifically 
Nicotiana benthamiana [52]. Another patient treated with ZMapp in Spain died from the Ebola virus 
[53]. This treatment was found to protect monkeys even after being administered as late as five days 
following exposure to the Ebola virus [20,54]. Another study combined monoclonal antibodies 
consisting of 1H3, 2G4, and 4G7 (ZMAb) with Ad-IFN (adenovirus-vectored interferon-alpha) to 
determine if the post-exposure treatment window could be extended beyond current limits in 
nonhuman primates [55]. It was shown that the combination in rhesus and cynomolgus macaques 
could suppress viremia up to approximately 105 TCID50, which would lead to survival [56]. Other 
drugs that are being considered for clinical trials include the influenza drug, Favipiravir, which has 
been approved in Japan to treat pandemic influenza and TKM-Ebola, an RNAi-based drug [47,57]. 
 

Two experimental treatments that are working so well and will be offered to all patients in the current 
Democratic Republic of Congo Ebola outbreak are known as REGN-EB3 and mAb-114. The powerful 
antibody-based treatments made up of cocktails of monoclonal antibodies can cure up to 90% of 
cases. They are infused intravenously into the blood. REGN-EB3 is made by Regeneron 
Pharmaceuticals of Tarrytown, N.Y. while Dr. Fauci’s institute, which is part of the National Institutes 
of Health, developed mAb114 and licensed production in 2018 to Ridgeback Biotherapeutics, a Miami 
company. The efficacy of the two treatments led to the recommendation of the stoppage of the clinical 
trial on ZMapp, made by Mapp Biopharmaceutical, and remdesivir, made by Gilead Sciences [58]. 
 

Current treatment for the EVD includes supportive therapy. This is challenging in many poor settings 
because of the limited resources, inadequate infrastructure and lack of personal protective equipment 
[59]. Antibiotics to prevent and/or treat secondary bacterial infections are administered, as well as 
analgesics, antipyretics and antiemetic drugs [60]. Oral rehydration therapy has been preferential over 
intravenous fluids in order to reduce the risk of transmission.  Blood products are also used to 
counteract hemorrhaging in patients and include packed red blood cells, platelets, fresh frozen 
plasma and others [60]. Nutritional and psychosocial support as well as anxiety control, is also 
important in reducing complications of acute illness [61]. 
 

10. CONCLUSION 
 

Since the Ebola virus exists as five different known strains, a complete understanding of the virus has 
been an enormous task. Current research to understand the exact pathophysiology, transmission 
route and general nature of the current strain of the virus has been heavily funded; thus contributing to 
worldwide efforts to control and eradicate the disease.  Understanding the routes of transmission have 
provided researchers and health authorities the opportunity to develop and implement disease control 
programs, including effective prevention, screening, and diagnostic protocols. Categorizing a patient 
within the different phases of disease manifestation helps to accurately measure prognosis and 
treatment options. Once a person is suspected of contracting the Ebola virus, strict measures are set 
in place to control the risk of spreading the virus to any unaffected persons in contact or future contact 
with the individual. As there is currently one FDA-approved vaccine and no approved treatments for 
EVD so far, management of the disease will continue to include supportive therapy to improve 
recovery. This is challenging in many poor settings because of inadequate resources, health 
personnel, infrastructure, and personal protective equipment. Currently, several other Ebola virus 
vaccines are at various stages of clinical trial and some have reported a strong immunologic response 
to the virus. Global education and effective implementation of proper preventive control measures are 
essential tools in controlling the epidemic. 
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ABSTRACT 
 

Background: Prevention of mother-to-child transmission of HIV (PMTCT) programmes provide 
antiretroviral treatment to HIV-positive pregnant women to reduce the likelihood of their infants 
acquiring the HIV. However despite concerted efforts to scale-up PMTCT services in Nigeria, the 
coverage and uptake of the service by pregnant women remain low.   
Aim/Objective: This study was carried out to assess the utilization and factors associated with the 
uptake of PMTCT Services among pregnant women at a tertiary health facility in Akure, Ondo State. 
Methodology: This research was an institutional based descriptive cross-sectional study conducted 
over a period of one month (May 2018). The study population included pregnant women accessing 
antenatal care at the University of Medical Sciences Teaching Hospital, Akure, Ondo State. Data was 
collected using interviewer administered questionnaire and analyzed using SPSS Windows 20. The 
main outcome measured was the utilization of PMTCT services. Factors associated with its utilization 
was assessed using binary logistic regression. Statistical significance was set at P<0.05. 
Results: A total of 400 pregnant women were interviewed with 100% response rate. The mean age of 
the women was 32 years ± 4.8. The majority of them with their spouses were educated up to the 
tertiary level. Their mean gestational age was 28 weeks ± 2.2 standard deviation. Among the 
respondents, 252 (63.2%) had been tested for HIV in the index pregnancy while 148 (36.8%) were not 
yet tested, those not tested identified lack of counsellors as their main reason. The average time 
spent before the patients were seen at the clinic was reported to be too long in 287 (71.7%), so 368 
(92.5%) of the women were not satisfied with the service. Factors found to be positively associated 
with PMTCT utilization were the educational level of the women and their partners which could be in 
favour of their utilizing PMTCT services and inadequate counsellors which may not be in favour of 
utilization of the service. 
Conclusion: All the respondents did not utilize the PMTCT services in the index pregnancy and the 
main reason being inadequate number of counsellors. There is the need to improve the quality of 
PMTCT services in the study setting. 
 
Keywords: Utilization; uptake; PMTCT services; HIV; pregnant women. 
 
1. INTRODUCTION 
 
Human Immunodeficiency Virus (HIV) can be transmitted from an HIV-positive woman to her child 
during pregnancy, childbirth and breastfeeding. Globally, Mother-to-child transmission (MTCT) 
accounts for over 90% of new HIV infections among children [1].
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While mother-to-child transmission of HIV has almost been eliminated in many high-income countries, 
it remains an important source of new HIV infections in Sub-Saharan African countries. Transmission 
of HIV to children has become a critical health challenge that threatens to undermine the gains of 
child survival strategies in the African continent. Nearly all young children newly infected with HIV are 
infected through mother-to-child transmission (MTCT); about 83% of the estimated 150, 000 children 
who were newly infected with HIV in 2015 were in the WHO African Region [2].  
 
According to UNAIDS 2017 report about 26.9% of all cases of mother-to-child transmission (MTCT) of 
HIV in the world occur in Nigeria [3]. The report further noted that only 34.7% of pregnant women 
were tested for HIV as part of their antenatal care and just 32% of pregnant women living with HIV 
received antiretroviral treatment to prevent mother-to-child transmission [3]. As such, reducing 
mother-to-child transmission remains a major priority for HIV response in Nigeria.  
 
Ondo State is located in Nigeria’s South West geopolitical zone with an estimated population size of 
3.4million (2006 census) and 18 Local Government Areas [4]. The HIV prevalence in the state was 
4.3% in 2012 with an increase burden of MTCT of HIV [4].

 
This high burden of MTCT of HIV is due to 

high rates of heterosexual transmission, high prevalence of HIV in women of reproductive age, high 
total fertility rate, characteristically prolonged breastfeeding culture, suboptimal infection prevention 
measures during labour and delivery and limited access to general HIV prevention interventions [5].  
 
Prevention of mother-to-child transmission of HIV (PMTCT) programmes provide antiretroviral 
treatment to HIV-positive pregnant women with the aim of reducing the risk to their infants. Without 
treatment, the likelihood of HIV passing from mother-to-child is 15% to 45% [2]. However, treatment 
with highly active antiretroviral therapy (HAART) and other effective PMTCT interventions can reduce 
this risk to below 2% [2]. The WHO four pronged approach to PMTCT include preventing new HIV 
infections among women of reproductive age, preventing unintended pregnancies among women 
living with HIV, preventing HIV transmission from a woman living with HIV to her baby and providing 
appropriate treatment, care and support to mothers living with HIV and their children and families [6]. 
 
In Nigeria, effective PMTCT programmes require women and their infants to have access to and to 
take up a cascade of interventions including antenatal services and HIV testing during pregnancy; use 
of antiretroviral treatment (ART) by pregnant women living with HIV; safe childbirth practices and 
appropriate infant feeding; uptake of infant HIV testing and other post-natal healthcare services [7]. 
 
To scale up the uptake of PMTCT services a number of barriers need to be overcome. Some of the 
barriers to the uptake of the PMTCT programme have been shown in some studies to include lack of 
knowledge about HIV and PMTCT, HIV stigma, cultural beliefs and lack of male involvement [8,9]. A 
similar study carried out in Tanzania found that only 46% of respondents had adequate knowledge on 
MTCT and PMTCT. Factors found to be associated with having adequate knowledge in the study 
were experiencing at least one pregnancy, higher education levels, higher household wealth, living in 
an urban area, being exposed to HIV education, having taken an HIV test or knowing where to get 
tested for HIV, it was concluded that women living with HIV were more likely to have adequate 
knowledge of MTCT than those who were HIV negative [10]. According to another study carried out 
by Mutel in Mali, West Africa in 2011, shortages of PMTCT staff, interruptions in treatment and 
supplies of medical equipment, as well as a shortfall in counselling services, all act as barriers to 
PMTCT service [11]. These factors often mean long waiting times for post-test counselling and many 
leave without getting their HIV test results [11]. Poor counselling often results in the transmission of in-
complete knowledge, which can impede on the effectiveness of PMTCT programmes. 
 
In Nigeria, the PMTCT strategies adopted included decentralization of services to primary care level, 
greater private sector involvement in PMTCT service delivery, community engagement, integration of 
PMTCT with other Reproductive Health services including Family Planning, access to Early Infant 
Diagnosis (EID) for children of HIV positive mothers. The country targets for PMTCT included having 
at least 80% of pregnant women having access to quality HIV testing and counselling by 2015, at 
least 80% of all HIV positive pregnant women and HIV exposed infants having access to more 
efficacious ARV prophylaxis by 2015, thus increasing the number of health facilities offering PMTCT 
services in the country to 7,265 [12]. However despite concerted efforts to scale-up PMTCT services 
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in Nigeria, the coverage and uptake of the service by pregnant women remain low and unevenly 
distributed. 
 
To properly scale up PMTCT programme in the country, studies are needed to assess the level of 
utilization and the possible factors that may be affecting the uptake of existing PMTCT services, this 
will further assist policy making, planning and advocacy about prevention of mother –to- child 
transmission of HIV. This formed the basis for this study. 
 

2. METHODOLOGY 
 
2.1 Study Design 
 
It was an institutional based descriptive cross-sectional study which was carried out to determine the 
utilization and the factors affecting the uptake of mother-to-child transmission of HIV among pregnant 
women. The study was conducted at the  University of Medical Sciences Teaching Hospital, Akure 
which is a tertiary health facility located in the heart of the town serving a population of about one 
million people. This facility is involved in HIV screening and provision of prevention of mother-to-child -
transmission services. The study population included only pregnant women attending the antenatal 
clinic at the facility over a period of one month (1

st
-31

st
 May 2018). 

 
2.2 Ethical Consideration 
 
Ethical approval was obtained from the University of Medical Sciences Teaching Hospital, Akure 
Ethics Committee. Written informed consent was obtained from each study participant after reading 
the consent form which contained information about what the study was all about and the benefit to 
the participants. The purpose of the study and the rights of the participant to withdraw at any time was 
discussed prior to the interview. The questionnaire did not bear any name of the participant and 
confidentiality of the information obtained was ensured throughout the interview. 
 

2.3 Sampling Technique 
 
The sample size was calculated using the formula: N= z

2
pq/d

2        
  

 
where:  
 

z=Standard normal deviate set at 1.96 
p=prevalence of PMTCT utilization was taking as 50%. 
d=A confidence level of 95% was used with a tolerance margin set at 5%. 
N= (1.96)

2
 X 0.5X 0.5 /(0.05)

2
 = 384, this was approximated to 400. 

 
A systematic sampling technique was used to select the 400 pregnant women who participated in the 
study by using the antenatal log book where a total of 800 pregnant women were estimated to be 
seen at the antenatal clinic for one month based on previous records. The sampling fraction/interval 
was calculated by dividing the total population of the pregnant women (800) per month by the sample 
size (400) giving an interval of 2, every second woman was therefore interviewed.  
 

2.4 Data Collection 
 
Data was collected using interviewer administered questionnaire by research assistants who had a 
day training on the research tool. The questions were adapted partly from the Nigeria Demographic 
Health Survey 2013 [13] and from the study of Hailu M, et al. 2016 who did a similar study in Sebeta 
Town, Central Ethiopia [14]. The questions  consisted of  mainly close-ended questions but also had 
some open-ended questions addressing the respondents socio-demographic characteristics (age, 
marital status, tribe, religion, occupation, educational status); educational level and the occupation of 
the partners and their HIV testing status; reproductive history, knowledge on mother-to-child-
transmission of HIV, Utilization and experience of PMTCT services (if they accept to be tested for HIV, 
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if they have been tested, if they received PMTCT services, satisfaction with the PMTCT services, 
partners HIV status and their reasons for accepting screening), information on the barriers to the 
uptake of PMTCT services were all obtained.  
 

2.5 Data Management 
 
Data obtained was entered using SPSS Windows 20 by in putting all the variables, this was carefully 
checked to ensure all variables had been entered before the analysis. For the descriptive aspects of 
the analysis, frequency distributions were generated for all categorical variables. Means and standard 
deviations were determined for quantitative variables. The main outcome variable in this study was 
PMTCT service utilization. It was measured by participants who responded to having been 
counselled, offered voluntary HIV testing and took the HIV test.  
 

Binary logistic regression was performed to identify socio-demographic factors independently 
associated with dependent variable. Strength of association was measured using odds ratio and 95% 
confidence intervals, P value < 0.05 was considered statistically significant.  
 

3. RESULTS 
 

3.1 Socio-demographic Characteristics of the Respondents 
 
The socio-demographic characteristics of the respondents showed that 184 (46.0%) were within the 
age range of 20-29years, 200 (50.0%) were within 30-39years and 16 (4.0%) were within 40-49years. 
The mean age was 32 years±4.8 standard deviation. Majority of the women were married (96%), they 
were mostly Yorubas and most of them practiced Christianity as a religion (91.6%). Most of the 
women (77.1%) and their partners (79.2%) had tertiary education but while trading constituted the 
largest category of occupation (40.8%) of the women, their husbands were mostly civil servants 
(65.4%).  
 

3.2 The Reproductive History of the Respondents 
 
Most of the pregnant women were between the gestational ages of 20-30weeks, 207 (51.8%) and 
their mean gestational age was 28 weeks ± 2.2 standard deviation. Among these respondents,       
144 (36.0%) were primigravidae and 256 (74.0%) were multigravidae. Other details are as shown in 
Table 1. 
 

3.3 Utilization of PMTCT Services among the Respondents and Their Partners 
 
Regarding utilization of PMTCT services among the respondents, 252 (63.2%) had been tested for 
HIV in the index pregnancy while 148 (36.8%) were not yet tested. Among those who were not tested, 
55(37.2%) attributed this to lack of counsellors. Other reasons included unavailability of HIV strips, 
lack of knowledge about HIV, lack of interest, fear of knowing their status while 10 (6.7%) of them said 
they were not psychologically ready. Willingness to disclose status if positive and their partners 
attitude to HIV testing are as shown in Table 2. 
  

3.4 Perception of Respondents about the Quality of PMTCT 
 

Of all the respondents 187 (46.5%) stated that the quality of services need improvement, 179 (44.6%) 
stated that the services are very poor while 35 (8.8%) indicated that the services rendered are good. 
Inadequate counselling was reported in 279 (76.4%) and long waiting time in 287 (71.7%).Short 
counselling time was reported in 324 (81.1%). Most of the women were not satisfied with the service 
as reported in 368 (92.5%). However, 392 (98%) will still recommend the PMTCT service at the facility 
to other women to prevent babies from HIV. This is shown in Table 3. 
 

3.5 Socio-demographic Characteristics Predicting Utilization of PMTCT Services 
 

Using binary logistic regression, the respondents who had tertiary education were 4.82 times more 
likely to utilize the service than those who had only primary and secondary education {OR=4.82 (95% 
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CI: 2.43-9.57)} P=0.00, this was statistically significant. Also, women whose husbands/ partners had 
tertiary level of education were 7.65 times more likely to utilize PMTCT service when compared with 
those who had only primary and secondary level of education,{OR = 7.65 (95% CI: 3.77-15.52)}  
P=0.00, this was statistically significant as shown in Table 4.  

 

Table 1. The reproductive history of the respondents 
 

Variables  Frequency (n) Percentage (%) 
Gestational age  
<20 wks 
20-30 wks 
31-40 wks 

 
47         
207          
146    

       
11.8 

 51.8 
 36.5 

Parity  
Primigravidae 
Multigravidae                                                  

 
144 
256       

 
 36.0 
 64.0 

No of living children 
None 
One 
Two 
Three 
Four or more                                                                                                           

 
144 
104 
91 
45 
16 

 
36.0 
26.1 
22.8 
11.1 
4.0 

Reasons for visiting the facility 
HIV testing 
HIV drugs  
Routine checking of baby 

 
59 
13 
328 

            
14.8 
  3.2 
82.0 

Number of  previous visits 
One                                                                      
Two 
Three 
Four or more 

 
36 
92 
155 
117 

 
   9.0 
   23.0 
  38.8 
   29.3 

 

Table 2. Utilization of PMTCT services among the respondents and their partners 
 

Factors  Status Frequency n (%) 
Respondents  tested in the index 
pregnancy 

Yes 
No  

252(63.2) 
148(36.8) 

Reasons for not testing if No  No HIV stripes 
Lack of counsellors 
Lack of knowledge about HIV 
Lack of interest 
Fear of knowing your status 
Not psychologically prepared 

13(8.7) 
55(37.2) 
30(20.3) 
26(17.6) 
14(9.5) 
10(6.7) 

Respondents accepting to test in current 
pregnancy 

Yes 
No 

327(81.7) 
73(18.3) 

Will you disclose your status to your 
partner  

Yes 
No 
Don’t know 

245(61.3) 
82(20.5) 
73(18.3) 

Will you advice other women to be tested  Yes 
No 

327(81.7) 
73(18.3) 

If yes, what are your reasons  To know their status 
To prevent baby from HIV 

259(64.7) 
68(17.0) 

Husband attitude to testing in pregnancy Agreed I should be tested indifferent 
I don’t know 

184(46.0) 
164(41.0) 
52(13.0) 

Respondents partner previously tested  Yes 
No 

274 (68.4) 
126(31.6) 

Reasons for partner not tested  Lack of time 
Partner not willing to be tested 
Lack of partner awareness about HIV 
and PMTCT 
Fear of stigmatization and 
discrimination 
I don’t know 

22(17.5) 
13(10.3) 
28(22.2) 
1(0.8) 
62(49.2) 
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Table 3.  Perception of respondents about the quality of PMTCT services 
 

Factors Status Frequency n (%) 
Opinion about PMTCT service Needs improvement 

Very poor 
Good 

187(46.5) 
179(44.6) 
35(8.8) 

*Reasons for poor use of PMTCT 
services 

Inadequate counseling 
Lack of friendliness of health workers 
Long waiting time to see a counselor 

279 (76.4) 
108(29.6) 
64(17.5) 

Average time spent to be attended to Too long 
Reasonable time 
Very short time 

287(71.7) 
102(25.5) 
11(2.8) 

Average time spent to see 
counsellor  

<30 mins 
30-60 mins 
60-90 mins 
>90 mins 

41(10.3) 
307(76.8) 
13(3.3) 
39(9.8) 

Average time spent with counselor  <5 mins 
5-10 mins 
10-30 mins 
> 30 mins 

27(6.8) 
324(81.1) 
35(8.8) 
14(3.3) 

Are you satisfied with the service  Yes 
No 

32(7.5) 
368(92.5) 

Reasons if not satisfied Mistreatment from health workers 
Lack of competent care 
Long waiting time 

4(1.0) 
4(1.0) 
360(98.0) 

Will you recommend PMTCT Yes 
No 

392(98.0) 
8(2.0) 

Reasons for not recommending  Poor facilities 
Its confidential 

7(87.5) 
1(12.5) 

Reasons for recommending  To know their status 
To prevent baby from HIV 

28(7.0) 
372(93.0) 

*Multiple responses obtained 
 

Table 4. Binary logistic regression predicting respondents utilization of PMTCT 
 

Predictor P  Odds ratio 95%CI 
Age  
20-29 
• 30-39 
40-49 

0.54 1.46 0.75-2.84 
 
 

Marital status 
Single 
•Married 

0.07 4.67 1.53-14.25 
 

Religion 
•Christian 
Islam 
Traditional 

0.99 1.06 0.31-3.65 

Level of education 
Primary 
Secondary 
•Tertiary 

 ٭2.43-9.57 4.82 0.00

Occupation of the woman 
Unemployed 
•Trading 
Civil servants 

0.64 1.08 0.46-2.56 

Husband_level education 
Primary 
Secondary 
•Tertiary 

 ٭3.77-15.52 7.65 0.00

Occupation_of_husband 
Unemployed 
Trading 
•Civil servants 

0.24 3.00 0.48-18.68 

•Reference category used for the categorical variables, *Significant values at P<0.05 and 95% Confidence Interval 
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4. DISCUSSION 
 

The socio-demographic profile of the women showed that most of the women and their partners had 
tertiary education which puts them at an advantage to understand what is being  discussed during 
counselling. Also because they were already married they could have more support from their 
spouses.       
 

The study showed that only 63.2% of the women have been tested in this pregnancy while 36.8% 
have not received HIV testing, this is lower than similar studies conducted among antenatal clinic 
attendees in Cameroun where 85.7% of the women have already being tested [15], this is not 
encouraging and is not in keeping with WHO recommendation of screening of all pregnant women [2]. 
Most of the women attributing their not been tested to lack of counsellors which further shows that 
adequate counselling is essential for the implementation of effective PMTCT services. Majority of the 
women if properly counselled are willing to test, disclose their status and even advice other women to 
get tested.  
 

Partner/husband involvement is also essential for effective implementation of PMTCT services as they 
may provide support for their women if they test positive and therefore help reduce infection to their 
infants. The findings from this study show that most partners agreed their wives should be tested and 
about 68.4% of them had already been tested for HIV, this is in keeping with the 60% reported by 
Deressa et al. in Ethiopia [14]

 
but higher than the 28% reported in another Ethiopian research on male 

involvement in PMTCT [16]. This is not surprising considering the fact that most of the respondents’ 
partners had tertiary education and could easily access information on PMTCT.  
 

In this study, majority (71.7%) of the women reported that the time spent waiting for counsellor was 
too long (30-60 minutes), this could have been a reason why 92.5% of the women were not satisfied 
with the PMTCT services. The time spent for counselling was  also found to be short 5-10minutes 
which may lead to inadequate understanding and comprehensiveness of the PMTCT messages and 
consequently affect the uptake of PMTCT services at the facility. This has also been reported in 
another study where the quality of communication skills, comprehensiveness of counselling 
information, technical competence of the counsellor and privacy during counselling were the most 
important factors affecting the quality of PMTCT services [17]. In order to improve acceptability and 
uptake of the PMTCT services, consideration should be given to improving the quality of  services by 
reducing the waiting time for the women to access care and ensuring  sufficient time is dedicated for 
counselling. 
 

The socio-demographic variables found to be significantly associated with utilization of PMTCT 
services  were the education of the women (OR 4.82, 95% CI: 2.43-9.57,P=0.00) which is in keeping 
with the study of Haliu et al. in Ethiopia [18] and the educational level of their partners (OR 7.65, 
95%CI: 3.77-15.52, P=0.00) which is also in keeping with  another study  conducted in East Hararghe 
Zone, Ethiopia, where mothers who had a partner educated beyond the elementary level were 3.3 
times more likely to utilize PMTCT services than those with elementary level [19].

 
This shows that the 

more educated the couple the more likely they would utilize PMTCT services to prevent their babies 
from being infected.  
 

5. CONCLUSION 
 

The findings of this study showed that not all our women utilized the PMTCT services in the index 
pregnancy. Those who did not utilize the PMTCT service blamed this on inadequate counselling and 
poor satisfaction of the service. Other factors identified to affect the utilization of PMTCT services at 
the facility included long waiting time to see a counsellor and inadequate counselling. There is need to 
improve the quality of PMTCT services to ensure effective implementation of PMTCT programmes. 
 

6. RECOMMENDATIONS 
 

Based on the research findings, the following recommendations are hereby made:  
 

• Facilities offering PMTCT services should be equipped with adequate and skilled counsellors 
who can provide effective counselling. 
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• Efforts should be made to improve the quality of PMTCT services by reducing the waiting time 
for women to access care. 

• There should always be adequate time allocated for counselling. 
• The importance of education for the woman and her partner should always be emphasized 

during advocacy and policy making, this should also be upheld as a social determinant for 
good health. 

 

7. LIMITATION 
 
The findings of this study were facility based and may not be generalized for the entire state, further 
studies are therefore needed at the state level to continuously assess the effectiveness of PMTCT 
programme in the state. 
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Written informed consent was obtained from each study participant after reading the consent form 
which contained information about what the study was all about and the benefit to the participants. 
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ABSTRACT 
 

Background: Malaria is a major contributor to deaths in children especially in sub-Saharan Africa. 
Children less than five years of age are susceptible to malaria infection in endemic regions leading to 
serious complications. Malaria causes death in children either directly through Cerebral Malaria (CM) 
and Severe Malaria Anaemia (SMA) or indirectly through co-morbidity with pneumonia or a sequela 
like hypoglycaemia. 
Methods: This retrospective study examined malaria-related deaths among children at Effia-Nkwanta 
hospital within a study period of 3 years. 
Results: A total of 1,416 medical records were reviewed, out of which 223 were medical records of 
children with fatal outcomes. Deaths over the study period due to all causes were 15.7% (223/1416) 
and confirmed malaria was 13.7% (40/292). Deaths due to all causes and confirmed malaria 
decreased from 21.6% and 24.3% in 2010 to 11.1% and 4.4% in 2012, respectively. Anti-malarial 
testing was done for 152 of the children with 40 positive and 112 negative results. Seventy-one 
children had no malaria testing done on them, with 23.4% in 2010 40.3% in 2011 and 35.5% in 2012. 
Anti-malarial treatment was administered to 83% of children who tested negative and 80% of children 
without anti-malarial testing. 
Conclusion: Deaths in the children declined from 2010 to 2012 in this study. Despite this 
improvement, there was poor anti-malarial testing and improper use of anti-malarial treatment. 
National malaria programs should ensure improvement in anti-malarial testing and strict adherence to 
the anti-malarial treatment protocol.  

 
Keywords: Malaria; children; mortality; anemia; death. 
 

1. INTRODUCTION 
 
Malaria remains a serious public health issue in malaria-endemic areas, with residents at the                      
risk of infection and higher risks are often seen in children and pregnant women [1]. Children less                 
than five years are susceptible to malaria infection leading to serious complications and death if not 
promptly and adequately treated with effective anti-malarial drugs [1]. Plasmodium falciparum is the 
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predominant species in sub-Saharan Africa, the major cause of severe disease leading to                       
death [1]. The exposure of children to sub-lethal P. falciparum infection leads to the                             
gradual acquisition of clinical immunity [2]. However, some children unfortunately never live to 
develop this immunity as their infection progresses to severe disease leading to death before 
adulthood [3].  
 
Malaria infection due to P. falciparum can cause mortality directly by being the underlying cause of 
death. Cerebral malaria and severe malaria anemia are very common direct causes of childhood 
mortality [4]. Cerebral malaria defined as confirmed P. falciparum infection with an unrousable coma 
[5] causes death in children due to hypo-perfusion of brain cells as a result of sequestration of 
infected red cells within cerebral capillaries [6]. Another common direct cause of death in P. 
falciparum infected children is anemia, referred to as severe malaria anemia (SMA) [4]. World Health 
Organization (WHO) defines SMA as a hemoglobin level (Hb) below 5.0 g/dL in the presence of 
malaria parasites [7]. Indirect causes of death in malaria are cases in which malaria is only a 
contributing factor, such as in a child with malaria-related anemia developing pneumonia or 
hypoglycemia and dying from it [8]. 

 
There is a reported 18% global decline in malaria cases from 262 million in the year 2000 to about 
214 million in 2015 [9]. It was estimated that 88% of the new cases in 2015 occurred in                           
sub-Saharan Africa [9]. However, the region has recorded tremendous progress in terms of             
reduction in the number of malaria deaths among children under 5 years of age, with the bulk of 
global decrease occurring in the region [9]. The estimated number of malaria deaths among              
children under 5 years of age fell from 694,000 in 2000 to 292,000 in 2015 [9]. These findings        
suggest that malaria is no longer the leading but the fourth leading cause of death among children, 
accounting for about 10% in 2015 [9]. This declining mortality in children from sub-Saharan Africa is 
due to the positive outcome from the scale-up of malaria intervention programs deployed in the          
region [10]. These control programs have facilitated the reduction of childhood malaria morbidity               
and mortality in most parts of sub-Saharan Africa [11,12]. The control programs include household 
and community activities such as the use of insecticide-treated nets ITNs, indoor residual spraying 
IRS, larval control and health facilities activities including adequate case management for malaria 
[13]. 

  
Adequate case management of malaria is a veritable arm of the malaria control program. It is  
primarily carried out in healthcare facilities. Invariably, the quality of care in the facilities can                    
impact greatly on malaria-related mortality especially among children. The generally dilapidated               
state of healthcare in many Africa countries negatively impacted the quality of management and 
treatment of many diseases especially malaria in children [14]. However, there has been                        
some improvement in malaria case management over the years with the improvement of                 
diagnosis and treatment by the provision of tools for on the spot diagnosis like the rapid diagnostic 
test for malaria, effective drugs, and skilled healthcare personnel [14,15]. Despite this, the quality of 
care in hospitals and clinics still needs improvement since avoidable malaria deaths have been 
reported [16].  

 
In Ghana, childhood mortality is a serious public health issue as diseases like pneumonia, diarrhea, 
malnutrition, and malaria take their toll on children [17]. Malaria remains a constant threat to the life of 
children in Ghana especially those who live in rural areas [18]. In the first quarter of 2016, the country 
recorded a total of 2.2 million cases of malaria in all health facilities nationwide. The number of 
malaria confirmed deaths recorded was 379 which was a 15.2% drop from the value in the first 
quarter of 2015. Of these, there were 152 malaria deaths in children under 5 years of age compared 
to 182 recorded in 2015 [19]. However; this noted decline is not uniform within the country. It is very 
important to constantly review mortality figures and patterns in different parts of the country to assess 
the progress of malaria control programs and the dynamics of malaria infection. Hence, this 
retrospective study evaluated the trend in malaria-related deaths among children who died on 
admission for febrile illness in a referral hospital in Sekondi-Takoradi metropolis Ghana over three-
years.  
 
 



Malaria Related Deaths among Children with Manifestations of Fever Symptoms on Admission in a Secondary Health Care 

2. MATERIALS AND METHODS
 

2.1 Study Area 
 
Effia-Nkwanta Regional Hospital is a secondary health
for the whole western region of Ghana. Ghana is bordered by Togo on the east and Ivory Coast on 
the west (Fig. 1). Effia-Nkwanta hospital is located at the Regional capital, Sekondi
all other hospitals within the entire 22 districts of the western region and sub
districts. Details of the study area have been published previously [20].
  

 
Fig. 1. Map of Ghana showing location of Sekondi

 

2.2 Data Collection 
 
This is a retrospective study that was carried out at the Paediatric Unit of Effia
Hospital (ENRH). Before this study, Paediatric emergencies were seen and where necessary,                
were admitted to the children’s ward of the hospita
admissions register. The admissions register of the Accident and Emergency Unit of the hospital was 
used to collect folder numbers of children who were recruited into the retrospective study. Children 
admitted with fever as one of the presenting symptoms with subsequent fatal outcomes over the  
study period of 2010, 2011 and 2012 were included in the study. Their medical records were    
searched and retrieved. Information on the demographics (i.e. age and sex), 
findings were collected. Clinical information retrieved included other symptoms accompanying              
fever, the weight of the child and temperature as well as information on sickle cell trait and blood 
transfusion during admission. Reported laboratory findings included malaria parasite diagnosis, white 
blood cell counts, sickling status and haemoglobin concentration. Information on treatment histories 
was also collected as well as the number of days the patients spent in the hos
granted for this work from the regional office Ghana Health Service and the medical director of the 
facility. 
 
Patients with malaria admitted in the hospital were classified according to the WHO criteria for mild 
and severe malaria [7]. Diagnosis of the malaria parasite was done using 
diagnostic test kits, containing membrane strip, precoated with a monoclonal antibody which is 
specific to the histidine-rich protein 2 of the 
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HODS 

Nkwanta Regional Hospital is a secondary health-care institution and is the only referral hospital 
Ghana. Ghana is bordered by Togo on the east and Ivory Coast on 

Nkwanta hospital is located at the Regional capital, Sekondi-Takoradi. It serves 
all other hospitals within the entire 22 districts of the western region and sub-divisions of 13 major 
districts. Details of the study area have been published previously [20]. 

Fig. 1. Map of Ghana showing location of Sekondi-Takoradi [21] 

This is a retrospective study that was carried out at the Paediatric Unit of Effia-Nkwanta Regional 
Hospital (ENRH). Before this study, Paediatric emergencies were seen and where necessary,                
were admitted to the children’s ward of the hospital. The patients admitted were recorded in the 
admissions register. The admissions register of the Accident and Emergency Unit of the hospital was 
used to collect folder numbers of children who were recruited into the retrospective study. Children 

with fever as one of the presenting symptoms with subsequent fatal outcomes over the  
study period of 2010, 2011 and 2012 were included in the study. Their medical records were    
searched and retrieved. Information on the demographics (i.e. age and sex), clinical and laboratory 
findings were collected. Clinical information retrieved included other symptoms accompanying              
fever, the weight of the child and temperature as well as information on sickle cell trait and blood 

ion. Reported laboratory findings included malaria parasite diagnosis, white 
blood cell counts, sickling status and haemoglobin concentration. Information on treatment histories 
was also collected as well as the number of days the patients spent in the hospital. Permission was 
granted for this work from the regional office Ghana Health Service and the medical director of the 

Patients with malaria admitted in the hospital were classified according to the WHO criteria for mild 
]. Diagnosis of the malaria parasite was done using P. falciparum
containing membrane strip, precoated with a monoclonal antibody which is 

rich protein 2 of the Plasmodium falciparum (First Response, Premier Medical 
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Corporation Ltd) and microscopy using Giemsa staining. The rapid response kit detects P. falciparum 
antigens and the presence of two lines in the test kit well indicates P. falciparum positive. Malaria 
parasites were confirmed with thick and thin peripheral blood smears stained with Giemsa and 
examined microscopically using 100 power fields under oil immersion. Two microscopists read the 
slides independently and a third microscopist was called upon to resolve discordant results. 
Haemoglobin estimation and white cell count were done as part of the complete blood count from an 
automated blood cell analyzer machine (Sysmex Haematology Analyser, Xuzhou Hengda, China). 
Certification and establishment of the cause of death were done mainly by using clinical judgment 
based on history, physical examination and laboratory findings. These were done by experienced 
medical officers or specialist paediatricians after proper review of patient’s records.  
 
Malaria was defined as the presence of any asexual blood stages form of P. falciparum species in thin 
smear blood film while malaria negative samples were confirmed when 100 high power fields have 
been examined using x100 oil immersion objective lens. Anaemia was defined based on WHO criteria 
of haemoglobin (Hb) levels<11 g/dL [22,23], and categorized as mild anaemia (Hb<11 g/dL), 
moderate anaemia (Hb<10 g/dL) and severe anaemia (Hb<7 g/dL. A febrile malarial episode in 
children was defined as a reported history of fever within the last 24–72 hrs of admission or a 
measured axillary temperature of 37.5ºC or greater (or both), with a positive peripheral blood smear 
slide with asexual forms of P. falciparum at any level of parasite density at time of contact with ENRH 
clinic [24]. A malaria death is defined as one death per parasitologically diagnosed clinical episode 
[11]. We calculated malaria mortality (expressed as a percentage) with the formula: malaria deaths 
per year / Number of children in the population at midyear. We calculated the case fatality rate 
(express as a percentage) with the formula: malaria deaths per year / Number of confirmed malaria 
cases among admitted children per year [25]. 

 
2.3 Statistical Analysis 
 
Univariable analyses were performed and results were presented as proportions and mean ± 
standard deviation (SD). Statistical significance for cross-tabulations was performed using Pearson χ2 

test for categorical variables.  One-way analysis of variance (ANOVA) was used for the comparison of 
the mean of continuous variables. All tests were two-tailed and P≤0.05 was considered statistically 
significant. All statistical analyses were performed using IBM SPSS software version 21.0 (IBM 
Corporation, Armonk, NY, USA). 

 
3. RESULTS  
 
3.1 Characteristics of the Study Population 
 
Table 1 describes the characteristics of the 223 children who died during the three year study period. 
Severe anaemia (Hb<7 g/dL) was seen in 34.1% of the children while 18.8% of the children that died 
were not anaemic (Hb>11 g/dL). Malaria diagnostic test was not performed in about 31.9% of the 
children that died. However, 17.9% of the children were laboratory-confirmed malaria positives while 
50.2% were malaria negatives. Ninety-seven children (43.5%) died within the first 24 hours of 
admission, 37.2% died within 72 hours and 19.3% after 72 hours of admission.  

 
Fig. 2 describes the percentage mortality of the children admitted into the children’s ward.                     
During the study period, a total of 1,416 children were admitted to the children unit of Effia-Nkwanta 
Regional Hospital. Out of this total number of admitted children, 1193 children were successfully 
treated and discharged home, while 223 children, unfortunately, died over the same period,                  
with percentage mortality of 15.7%. There was a progressive decline in the percentage of mortality 
from 21.6% in 2010 to 11.1% in 2012 (Fig. 2). Fig. 3 describes malaria case fatality in the study 
population. During the three year study period, 40 children died out of the 292 admitted                           
with supposedly malaria cases with a total case fatality rate of 13.7%. There was also a steady 
decline in the case fatality rate for laboratory-confirmed malaria cases from 24.3% in 2010 to 4.4% in 
2012 (Fig. 3).  
 



 
 
 

Current Trends in Disease and Health Vol. 3 
Malaria Related Deaths among Children with Manifestations of Fever Symptoms on Admission in a Secondary Health Care 

Institution in Western Region of Ghana - A Retrospective Study 
 

 
31 

 

Table 2 shows the characteristics of the study population stratified against malaria laboratory 
investigations. A significant proportion of malaria diagnosis was done without malaria testing and 
some were negative on malaria tests. Antimalarial treatments were accurately given to all of the 
children with confirmed malaria test, while 83% and 80% of the children that tested negative and 
those without malaria test respectively were incorrectly prescribed anti-malarial drugs. Children 
without malaria testing significantly decreased as they stayed longer in the hospital (>24 hrs, 63.4%; 
<72 hrs, 28.2%; >72 hrs, 8.4%). 
 

Table 1. General characteristics of the study population 
 

Characteristics Number  

(n=223) 

Percentage  

(%) 

Sex    

Male 122 54.7 

Female 101 45.3 

Age (Years)    

<1  110  49.3 

2-5 63 28.3 

>5 50 22.4 

Hemoglobin    

<7 g/dL 76 34.1 

<10 g/dL 75 33.6 

<11 g/dL  30 13.5 

≥11 g/dL 42 18.8 

Sickle cell*   

HB (AS) 21 15.8 

HB (SS) 6 4.5 

HB (AA) 106 79.7 

Malaria parasite   

MP Seen 40 17.9 

No MP Seen 112 50.2 

Not done 71 31.9 

Death on admission in hospital (Hours) 

<24 97 43.5 

<72 83 37.2 

>72 43 19.3 
*Sickle cell (n=133). MP = Malaria parasites 

 
Fig. 4 shows that the malaria testing rate worsened over time with 23.4% of children not tested in 
2010, 40.3% in 2011 and 35.1% not tested in 2012. 
 
Table 3 summarizes the combination of the prescribed medications during the study period                
stratified by year. Patients without laboratory-confirmed malaria diagnosis or patients with                 
negative malaria diagnosis were given a parenteral anti-malarial treatment of either quinine or 
artemether.   
 

3.2 Other Non-malaria Causes of Death  
 
Fig. 5 shows the distribution of other non-malaria causes of death. Among these children that died 
from non-malaria causes, 12.1% were diagnosed with sepsis, 9.4% were diagnosed with 
bronchopneumonia, 8.5% were diagnosed with gastroenteritis, and 7.2% were diagnosed with severe 
anaemia. Children who died without a specific diagnosis were 19.7%. 
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Fig. 2. Percentage mortality (all causes) from the year 2010 to 2012 
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Fig. 3. Malaria case fatality rate 
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Fig. 4. Malaria testing for the year 2010 to 2012 

72

57

32 34

11
3

29

20

40.3

35.1

2011 2012

negative for Mps positive for Mps Not done % not done 

 
 
 

Current Trends in Disease and Health Vol. 3 
on in Western Region of Ghana - A Retrospective Study 

 

 

%
n

o
t 

d
o

n
e

 

% not done 



 
 
 

Current Trends in Disease and Health Vol. 3 
Malaria Related Deaths among Children with Manifestations of Fever Symptoms on Admission in a Secondary Health Care 

Institution in Western Region of Ghana - A Retrospective Study 
 

 
35 

 

 
 

Fig. 5. Other non-malaria causes of death  
 

Table 2. Patients’ characteristics stratified by malaria laboratory diagnosis 
 

Clinical and demographic 
characteristics  

Malaria positive 
n = 40 (%)   

Malaria negative 
N=112(%) 

Not done  
N=71(%) 

P-value  

Age (Mean ± SD)  3.1 ± 3.1 2.9 ± 3.2   2.5± 3.5  0.6 
Age (Years)        

<1 15(37.5) 57(50.9) 38(53.5) 0.01 
2-5 20(50) 28 (25.0) 15(21.1)  
6-11 5(12.5) 27 (24.1) 18( 25.4)  

Sex      
Male 24 (60) 66 (59) 32(45.1) 0.23 
Female 16 (40) 46 (41) 39( 54.9)  

Hemoglobin  
<7 g/dL  22 (55) 36 (32.1) 18(25.4) 0.18 
<10 g/dL 10 (25) 43 (38.4) 22(31.0)  
<11 g/dL 4 (10) 12 (10.7) 14(19.7)  
≥11 g/dL 4 (10) 21 (18.8) 17(23.9)  

Death on admission in hospital (Hours) 
<24 12 (30) 40 (35.7) 45(63.4)  
24-72 25 (62.5) 38 (33.9) 20(28.2) 0.001 
>72 3 (7.5) 34 (30.4) 6 (8.4)  

Blood transfusion  
Yes 22 (55) 36 (32.1) 17(23.9)  0.02 
No 18 (45) 76 (67.9) 54(76.1)  

Presumptive diagnosis for malaria   
Severe malaria anaemia 12 (30) 30 (26.8) 10(14.08) 0.004 
Cerebral malaria 16 (40) 29 (25.9) 14(19.7)  
Severe malaria 10 (25) 19 (16.9) 7(9.9)  
Bronchopneumonia +malaria 2 (5) 17 (15.2) 811.3)  
Epilepsy + malaria 0 (0) 17 (15.2)  3(4.2)  

Anti-malaria treatment given 
Yes  40(100) 93(83.0) 57(80.3) 0.05 
No  0(0) 19(17) 9(12.7)  

*Significant P-value= (P<0.05); SD=Standard deviation 
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Table 3. List of combination of the prescribed medications during the study stratified by year 
  

 List of prescribed medications 2010 2011 2012 
Malaria 
positive 
(%) 

Malaria 
negative 
(%) 

Not 
done 
(%) 

Malaria 
positive 
(%) 

Malaria 
negative 
(%) 

Not 
done 
(%) 

Malaria 
positive 
(%) 

Malaria 
negative 
(%) 

Not done 
(%) 

Artemether injection, Antibiotics and Antipyrectics 2 (33.3) 3 (50) 1 (16.7) 1 (16.7) 3 (50) 2 (33.3) 3 (17.6) 10 (58.8) 4 (23.5) 
Antibiotics 0 (0) 4 (66.7) 2 (33.3) 0 (0) 5 (62.5) 3 (37.5) 0 (0) 17 (65.4) 9 (34.6) 
Antibiotics and Antipyrectics 0 (0) 5 (62.5) 3 (37.5) 1 (8.3) 4 (33.3) 7 (58.3) 0 (0) 6 (85.7) 1 (14.3) 
Artemether-lumefantrine, Antibiotics and Antipyrectics 0 (0) 4 (66.7) 2 (33.3) 0 (0) 3 (100) 0 (0) 1 (6.6) 10 (66.7) 4 (26.7) 
Artemether-lumefantrine and Antipyrectics 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 
Artesunate-amodiaquine, Antibiotics and Antipyrectics 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 
Artesunate-amodiaquine and Antipyrectics 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Artemether Injection, artemether-lumefantrine and 
Antipyrectics 

3 (33.3) 3 (33.3) 3 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Quinine and Antipyrectics 0 (0) 0 (0) 1 (100) 0 (0) 1 (50) 1 (50) 1 (12.5) 4 (50) 3 (37.5) 
Antipyrectics 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 1 (50) 0 (0) 2 (66.7) 1 (33.3) 
Artemether-lumefantrine and Antibiotics 0 (0) 0 (0) 1 (100) 3 (33.3) 3 (33.3) 3 (33.3) 0 (0) 3 (60) 2 (40) 
Artemether injection, artemether-lumefantrine and Antibiotics 0 (0) 3 (100) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 8 (80) 2 (20) 
Quinine, Antibiotics and Antipyrectics 1 (6.7) 4 (26.7) 10 (66.7) 1 (10) 5(50) 4 (40) 23 (37.7) 20 (32.8) 18 (29.5) 
Artemether injection, Arthesunate Amodiaquinine and 
artemether-lumefantrine 

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 

Artemether injection, artemether-lumefantrine, Quinine and 
Antibiotics 

1 (100) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 

Artemether injection and Antipyrectics 0 (0) 1 (50) 1 (50) 1 (25) 1 (25) 2 (50) 2 (28.6) 2 (28.6) 3 (42.9) 
Artemether injection, Quinine, Antibiotics and Antipyrectics 0 (0) 0 (0) 0 (0) 0 (0) 2 (50) 2 (50) 0 (0) 0 (0) 0 (0) 
Artemether-lumefantrine, Quinine and Antipyrectics 0 (0) 2 (100) 0 (0) 0 (0) 1 (100) 0 (0) 1 (12.5) 6 (75) 1 (12.5) 
Artesunate-amodiaquine, Quinine, Antibiotics and 
Antipyrectics 

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 
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4. DISCUSSION  
 
This study evaluated the contribution of malaria to the mortality of children in the children ward of 
Effia-Nkwanta Regional Hospital over a 3 year study period. There was a steep decline in malaria 
deaths from 2010 to 2012. This is a drastic drop and an interesting finding indeed. Firstly, there was a 
high case fatality rate for malaria in 2010 compared to the subsequent years, which might be due to 
both in the hospital and out of hospital factors. These factors have contributed to poor and fatal 
treatment outcomes in children with malaria [26]. Late arrival to the hospital is one major out of 
hospital factor responsible for malaria mortality in children in many countries in sub-Saharan Africa 
especially Ghana [27]. This is due to; poor health-seeking behavior caused by poor understanding of 
the symptoms of malaria, over-reliance on home and herbal remedies and financial constraints 
[27,28]. In-hospital factors, especially in Ghana are hinged majorly on the poor quality of care for the 
sick child, including poor and delayed diagnosis, lack of appropriate medications and treatment and 
lack of well-trained health care personnel [29,30]. Poor quality of care has been reported in regional 
hospitals similar to the facility where the present study took place [30,31]. 
 
In 2011 there was a tremendous reduction in malaria confirmed deaths despite an increase in 
admitted confirmed malaria cases. An improvement in the arrival time of the sick children to the 
hospital and improvement in the quality of care in the hospital might have been responsible for this. 
Parents and caregivers would have become better educated on the early recognition of symptoms 
and signs of malaria, the dangers of herbal medication and the importance of coming early to the 
hospital with their sick children.  This is the likely outcome of the various forms of health education 
carried out by the National Malaria Control Program [19]. More so, the improved enrolment of patients 
to the National Health Insurance scheme would have overcome the barrier of financial constraint 
allowing more patients to assess health care in the hospital [29,32]. Also, an increase in the confirmed 
malaria cases on admission might be due to an improvement in malaria diagnosing capacity of the 
regional hospital based on the massive deployment of rapid diagnostic test kits as well as training of 
health care personnel on the use of the test kits [19,33]. This improvement in case identification and 
the diagnosis was followed by prompt, adequate and successful treatment outcomes for the majority 
of the children that were admitted in 2011. This success in treatment was perhaps due to better 
training of the healthcare personnel as well as the availability of appropriate therapeutic drugs and 
effective therapy with strict adherence to standard treatment guidelines [19]. Ghana adopted the WHO 
artemisinin-based combination treatment (ACT) policy in 2004 with artesunate-amodiaquine as first-
line treatment and a subsequent review in 2009 involving the inclusion of artemether-lumefantrine and 
dihydroartemisinin-piperaquine as alternative first-line drugs for children who cannot tolerate 
artesunate-amodiaquine combination therapy. Parenteral treatment includes artemether and quinine 
injection for severe malaria. This study showed that these anti-malarial drugs were used in the 
management of malaria in the children in this hospital, but the details of how they were used and 
administered were not available. Studies, however, showed that there were challenges in the 
practicality of this policy as it took some time for health workers through frequent training to fully 
acquire the necessary skills to use these treatments effectively [31,34,35].  
 
In 2012, there was further improvement in the case fatality rate coupled with a decline in admitted 
malaria confirmed cases despite an overall increase in admitted children.  The decline in the admitted 
malaria confirmed cases might be a reflection of the overall decline in the global and regional malaria 
burden noted in the country [9,19] or a dividend of activities of the National Malaria Control Program 
involving continuous campaign on the use of ITNs and IRS [19]. Another possible reason for the 
decline might be that most parents or caregivers have well-improved knowledge in the home 
management of uncomplicated malaria with an affordable ACT, thereby preventing complications that 
will warrant admission in the hospital [36,37]. More so, many primary health centers and clinics in the 
area are now well equipped with RDTs and ACTs to handle malaria in children [37,38]. The lowest 
case fatality for malaria recorded in 2012, was perhaps the result of progressive improvement in case 
management and strict observance of the standard treatment guideline for malaria in the hospital [38]. 
 
It is important to highlight the ever-nagging problem of poor laboratory diagnosis of malaria observed 
in this study; as 31.9% of children who died never had malaria tests done on them. This is a very 
common problem seen in many hospitals and clinics in developing countries and it has been blamed 
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on the incessant break down of the diagnostic machine and frequent stock out of reagents [39,40]. In 
all, the situation worsened between 2010 (23%) to 2012 (35%). Another study that was done among 
discharged children over the same period in the same hospital also reported a significant proportion of 
children who were not tested for malaria [20,41]. However, in this study, time spent on admission 
before death may have played a role in the number of children who died without malaria tests done on 
them, since the majority of children who died within the first 24 hours never had malaria test done on 
them. The chances of getting a malaria test done in the laboratory increased if the child survived 
beyond 72 hours before death. The presumptive diagnosis of malaria was woefully inaccurate in this 
study as significant proportions of the case diagnosed were not confirmed by laboratory investigation.  
This is an important finding for clinicians to be reminded that in all cases, their clinical judgment 
should always be supported by laboratory investigations. 
 
As seen in most studies, children under five years of age remain the most vulnerable group for the 
fatal consequences of diseases and infections [42,43]. The higher proportion of under-five children 
among those who died with malaria in this study further buttresses the age-specific severity of malaria 
morbidity and mortality as seen in malaria-endemic areas [19,42,43]. Taking a closer look at the 
specific diagnosis of children who tested positive for malaria in this study, CM and SMA were more 
common. CM and SMA are the most common complications of malaria linked with pediatric mortality 
[4,44]. 
 
Aside from malaria mortality, there was a progressive decline in overall mortality, despite the 
increased patient load over the study period. This decline is consistent with the declining trend in child 
mortality reported for sub-Saharan Africa over the years [42,43]. This can be attributed to the 
continuous improvement in the healthcare system and implementation of various preventive 
measures such as child survival programs and vaccinations as well as improvement in diagnostic 
methods and effective treatments that mitigate the impact of diseases responsible for child mortality in 
the region [45].  
 
Other diseases were also responsible for child mortality in this study as more of these children that 
had malaria laboratory investigation done were negative. Bacterial and viral diseases, malnutrition, 
congenital abnormalities, intrapartum events, and injuries have all been implicated in child mortality 
[42,43,45]. This study noted a rather high number of children with missing/unknown diagnoses. The 
probable clinical explanation for this would have been that some children die within a few hours of 
arrival to the ward or arrive at a period where the doctors and laboratory personnel are not readily 
available on duty especially during the weekends. Weekend admissions would have probably 
contributed to the mortality due to lack of quality care, which is a common finding in hospitals in 
similar settings [46]. 
 

5. LIMITATIONS  
 
Although in this study, the anti-malarial oral ACT and parenteral drugs used were all documented, a 
detailed audit of how these treatments were used vis-à-vis dosages, timelines, duration, ancillary 
treatment like infusions and correction of hypoglycemia, were not documented. Availability of this 
document would have revealed more information on the outcome of the treatment. There is a 
possibility that some discharged children died at home thereby making the mortality rate in this study 
a little conservative. Finally, there is the possibility that the children who had no malaria test done on 
them would have skewed the result in the comparison over time in this study. 
 

6. CONCLUSION 
 
This study noted a steep decline in all-cause mortality and malaria confirmed deaths despite an 
increase in admitted patients over 3 years in the pediatric department of Effia-Nkwanta hospital. There 
was however poor anti-malarial testing among the children, a practice that worsens over the study 
period. There were incorrect diagnoses and treatments of malaria noted in this study with a significant 
proportion of children wrongly diagnosed with those negative for malaria and those not tested 
receiving anti-malarial treatment. Despite the commendable decline of deaths in children noted in this 
study, there is room for improvement vis-à-vis improvement in anti-malarial testing, and strict 
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adherence to proper anti-malarial treatment protocol to ensure adequate case management which will 
go a long way in reducing malaria mortality in children. 
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ABSTRACT 
 

The hospital staff need to be competent to utilize the disaster plan to cope up with an emergency 
situation. Therefore, the present study has aimed to assess the knowledge of hospital staff of 
Dhahran Al Janoub General Hospital regarding the disaster management during Hazm Storm Support 
1436/2015 in Saudi Arabia. The study has employed quantitative research design to assess the 
disaster management of hospital staff by recruiting 84 individuals (physicians, nurses, technicians, 
officers and housekeepers) from Dhahran Al Janoub General Hospital. A questionnaire was given to 
respondents to gather information about disaster management. The obtained data was analysed 
using SPSS through chi-square analysis. The study results clearly depicted that the hospital staff with 
fewer years of experience had lesser knowledge about the disaster assessment as compared to the 
experienced employees. There was no statistically significant relationship identified between different 
job categories in the hospital and the level of knowledge about presence or absence of the 
emergency response plan. However, there was a statistically significant association found between 
different job professions and level of awareness regarding presence or absence of hospital command 
centres. The study concluded that the knowledge of emergency preparedness among the hospital 
staff was moderate and the hospital staff should participate and seek opportunities to prepare 
assessment for disaster management.  
 
Keywords: Disaster management; disaster; emergency preparedness; hospital staff. 
 

1. INTRODUCTION 
 
Disaster is considered as an unpredicted, sudden, and overwhelming event, which results in 
significant physical change, destruction, drastic environmental change, and loss of life [1]. It causes 
disruptions in the functioning of a society or community through widespread human, economic, and 
environmental losses. It decreases the ability of affected society or community to cope up by utilizing 
the available resources. Among the developing countries, 95% of the deaths were caused by 
disasters [2]. Preparedness for disaster management is critical for businesses, household, and 
communities. 
 
A mass disastrous event requires local coordination, individual responsibility, and effective planning to 
recover from major trauma. The concept of disaster preparedness aims to enhance the life safety 
during the disaster. It may include spills of hazardous materials, protective actions during the 
earthquake, and terrorist attacks. The preparedness for disasters includes different actions to 
enhance the ability for overcoming the emergency situation, protecting property, managing the 
disaster damage and disruption, and engaging in post-disaster restoration. Natural disasters generally 
affect the communities, people, and healthcare systems. Therefore, nurses and other healthcare 
professionals play an imperative role in the healthcare system, and ought to be prepared for the 
suitable response in the case of disaster. 
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The preparedness of nurses for disaster require proper planning, education, and training. They need 
to know appropriate disaster emergency plan to perform their role in disaster planning. A study 
conducted by Hammad et al. [3] revealed that nurses were not confident regarding their role in 
disaster planning because they lacked adequate knowledge. Another study signified the importance of 
nurses’ role in disaster management, apart from knowing the location of disaster plan [4]. According to 
Al Khalaileh et al. [5], knowledge of nurses about disaster plan was not adequate and they were 
poorly prepared for disaster and emergency planning. Moreover, the association between nurses’ 
knowledge and their willingness to respond to a disaster event was weak [6]. 
 
The industrial and technological advancements may increase the toll of man-made and natural 
disasters [7]. The disasters, causing losses and casualties, include high population density, oil and 
reservoir tank explosion, and presence of factories. In 2014, 202 disasters were reported; alone in 
Asia that injured 10,107 people [8]. Disasters negatively affect health of a population, along with 
potential damage and disruption of infrastructure. It leads to long-term detrimental effects causing 
erosion of social development and loss of valuable assets. A study conducted by Alraga [9] has 
shown that Saudi Arabia is developed as a multi-sectoral state that is capable of facilitating effective 
disaster management, despite of facing a great number of disasters. 
 
It has been shown that there is a positive association between baseline knowledge of the nurses and 
perceptions of personal safety. Many man-made as well as natural disasters have been faced by 
Saudi Arabia, which include; earthquakes, floods, etc. The religious gatherings such as Umrah and 
Hajj impose man-made risks that have the potential to result in disaster and mass casualties. 
However, Saudi Arabia tends to employ the traditional health approach in disastrous situation within 
the country. Therefore, the present study has assessed the knowledge regarding disaster 
management during Hazm Storm Support 1436/2015 by recruiting employees of Dhahran Al Janoub 
General Hospital. 
 

2. LITERATURE REVIEW 
 
The health-care system plays a significant role in aiding and helping different communities from 
disasters. Prior training and nurses’ experiences affect the preparedness and increase their self-
confidence, skills, and awareness toward disaster response and lessen the susceptibility to impulsive 
events [10,11]. Few studies have shown that healthcare professionals are not ready to manage mass 
casualties; and their skills, education, and preparedness are not sufficient for a suitable response 
[12,13]. Therefore, it is the foremost duty of the management to fulfil the training requirement of 
emergency department personnel as the front-line responders. Heavy damage and destruction are 
caused by the infrastructure of health-care and management system, resulting in the higher extent of 
injuries and mortality [14]. A timely and efficient response is required from the healthcare system to 
manage the consequences in affected areas. Therefore, there is a need to prepare for appropriate 
measures taken toward any disastrous condition. However, a study revealed that mostly nurses are 
not trained to manage mass casualties. Moreover, the preparedness, education, and skills of nurses 
are not satisfactory for an adequate response in a disastrous condition [11]. 
 
Training of medical professionals is prioritized for providing care to the victims of the disaster. 
However, course development for training the medical personnel through standardized and well-
accepted core competencies are severely lacking, which are required to develop disaster training 
courses [11]. Appropriate training of medical personnel ensures that they are prepared to treat 
patients and address different consequences during the catastrophic event. The emergency staff 
members at hospitals are the first service providers that render their services after an emergency or 
disaster. Therefore, it is necessary that the staff members have appropriate knowledge about the 
emergency preparedness [12]. It is integral to the undergraduate nursing education that the nurses 
are well prepared for participating in planning and responding to a disastrous situation. The 
collaborative learning model needs to be used for teaching the undergraduate nursing students, 
regarding the preparedness of disaster management. The nurses employed in the military, public 
health, and emergency department are being entrusted to attend and manage the victims of  
disasters. 
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Preparedness assessment for disaster management is considered as a critical competency, which is 
required by the experienced nurses as well as fresh graduates. Collander et al. [15] evaluated the 
disaster preparedness training course in order to teach principles of hospital disaster preparedness 
among the staff members. The results showed that Hospital Disaster Life Support (HDLS) course 
tends to provide multiple modalities for training the hospital staff and increase their knowledge level. 
The American Association of Colleges of Nursing has identified, that the nurses need to be prepared 
for attending and managing victims of bioterrorism and different mass casualty events. The nursing for 
disaster victims needs to preview towards emergency department nurses and military nurses. 
However, the preparedness has gained a requisite competency in the undergraduate nursing 
programs [16]. Even, if the nurses are well trained in the community health education on natural 
disasters, they are still not efficient in managing bioterrorism and mass emergency events. 
 
The nurses have basic knowledge and skills to manage a mass casualty incident. The assessment of 
training requirements is a significant step towards the implementation of specific training programs for 
the nurses. Good planning and preparedness among the hospital staff tend to reduce potential impact 
of disaster and implement effective approach during disastrous condition within the country [17]. A 
study was conducted by Lanzilotti et al. [18] for determining the ability of physicians and nurses to 
identify and treat the victims, who are exposed to chemical and biological agents. The results revealed 
that the ability of physicians and nurses, to diagnose and treat the consequences of being exposed to 
chemical agents, was very low (<8%). The majority of nurses were least willing to manage the victims, 
exposed to radiological incident [18]. 
 
3. METHODS 
 
The study has employed quantitative research design to study the assessment regarding disaster 
management during Hazm Storm Support 1436/2015. An observational study was conducted to 
inspect the preparedness assessment for disaster management. The data from the respondents was 
collected over a period of six months, from January 2016 to June 2016. The participants of the study 
were recruited through random sampling technique. A total of 100 questionnaires were distributed 
among the staff members of the Dhahran Al Janoub General Hospital including physicians, nurses, 
technicians, officers, and housekeepers. The questionnaires were distributed among the employees, 
seeking information regarding the emergency response plan, awareness about disaster, design, and 
policy of the hospital to control the disaster, security management plans, and other patient care 
information. 
 
The participants were recruited to assess the preparedness of the hospital in case of disaster during 
the events of Hazm Storm Support 1436/ 2015. The questionnaire includes questions regarding 
different factors, which include command and control, communication, safety and security and 
infection control measures of the hospital. The questionnaire was based on 3 response options i.e. 
trichotomous (Yes, No and unknown). Out of 100, 84 questionnaires were received from the staff 
members with complete information. The sample size for the study was small because only Dhahran 
Al Janoub General Hospital was considered for the survey from Saudi Arabia. 
 
The demographic profile of the participants has also been incorporated, including years of experience 
and qualification. However, the experience years were not recorded for the housekeepers and 
officers. The acquired data were analysed using the Statistical Package of Social Sciences  SPSS 
(version 20.0). Chi-square test has been applied to examine the significance of the variables included 
in the study (command and control, communication, safety and security and infection control 
measures), as this statistical test is effective to observe the differences between variables [19]. 

 
4. RESULTS 
 
The study has recruited 84 participants from Dhahran Al Janoub General Hospital, which include 
individuals from different professions. Table 1 shows the number of individuals recruited from different 
professions including physicians, nurses, officers, technicians, and housekeepers. The demographic 
profile of the respondents was also obtained, which is presented in Table 2. 
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Table 1. Frequencies and percentages showing number of individuals recruited from each 
profession 

 
Profession Frequency Percentage 
Doctor 34 40.5% 
Nurse 31 36.9% 
Technician 11 13.1% 
Officer 4 4.8% 
House keeper 4 4.8% 
Total 84 100% 

 
Table 2. Demographic profile of respondents 

 
Physicians Frequency % 
Master degree 30 88.2 
Doctor degree 4 11.8 
Total 34 100.0 
Nurse Frequency % 
Technical institute 28 90.3 
Bachelor 3 9.7 
Postgraduate 0 0 
Total 31 100.0 
Nurse Frequency % 
Diploma 2 10.5 
Technical institute 17 89.5 
Bachelor 0 0 
Total 19 100.0 
Officer Frequency % 
Bachelor 4 100 
Total 4 100 
House keeper Frequency % 
Educated 3 75 
Illiterate 1 25 
Total 4 100 
Experience Frequency % 
1- 5 56 73.7 
5-  10 15 19.7 
10-15 5 6.6 
Total 76 100 

 
There was no statistically significant association between different job professions in the hospital and 
level of awareness about the emergency response plan. The results showed that there was a 
statistically significant association between different job professions and their level of awareness 
about presence or absence of hospital command centres (Table 2). More than 90% of the hospital 
staff including individuals from each profession was well-aware about the hospitals’ emergency 
response plan. Moreover, majority of the hospital staff was well-aware about the presence of             
hospital command centre. The survey showed that inexperienced hospital staff was mainly not         
aware of emergency response plans; although, differences among the results were statistically 
insignificant. 
 
The participants were also inquired about the presence of any poison centre during the chemical 
incident. The results revealed that there was a significant association between different job 
professions in the hospital and their level of awareness about the presence of poison centre during an 
emergency chemical incident (Table 3). Majority of the hospital staff agreed that there is an 
appropriate communication plan. Moreover, almost all of the hospital staff (97.60%) agreed for the 
presence of the blue team in the hospital to initiate rapid response for the management of an 
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emergency situation. The participants, who were not aware of these communication centres, were not 
experienced, professionals. 
 

Table 3. Responses of hospital staff regarding the preparedness awareness of disaster 
management 

 
Awareness among hospital staff about emergency response plan 

Response Job profession 
Doctor Nurse Technician Officer House keeper  

Yes 30 27 10 3 2 χ2=12.8 
No 1 2 0 1 0 p = 0.1 
      
Unknown 3 2 1 0 2  
Total 34 31 11 4 4  
Awareness about presence of absence of hospital command centre among the hospital staff 
Response Job profession 

Doctor Nurse Technician Officer House keeper  
Yes 33 28 9 3 1 χ2=22.8 
No 0 1 1 1 1 p = 0.004 
Unknown 1 2 1 0 2  
Total 34 31 11 4 4  

 
Table 4. Responses of hospital staff about presence of communication centres and code blue 

team in the hospital for in an emergency situation 
 

Awareness about communication centre to communicate with poison centre in 
chemical incident 

p-value 

Response Job profession 
Doctor Nurse Technician Officer House keeper  

Yes 30 28 9 3 2 χ2=12.3 
No 2 2 1 0 0 p = 0.137 
Unknown 2 1 1 1 2  
Total 34 31 11 4 4  
Awareness about presence of code blue team in hospital for rapid response 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 31 27 9 3 2 χ2=10.7 
No 1 2 1 0 0 p = 0.21 
Unknown 2 2 1 1 2  
Total 34 31 11 4 4  

 
The hospital staff was further questioned about hospitals’ ability to receive the contents of protection 
(heavy gloves, glasses, heavy shoes, and chemical protective suits) during chemical incidents. The 
results revealed that there was a significant association between the hospital staff and their level of 
awareness about the hospital’s ability to get access to protection during chemical incidents. 
Considering the presence of department for biological, radioactive, and chemical decontamination, the 
results showed that there was a positive association between the hospital staff and their level of 
knowledge about the importance of biological, radioactive, and chemical decontamination department 
in the hospital (Table 4). 
 
The results also showed that association between different job professions in the hospital and their 
level of knowledge about the presence of designated trauma resuscitation room was statistically 
significant. It mainly includes a source of oxygen, focused abdominal sonography, pulse oximetry, 
chest tube, and portable x-ray. Moreover, there was a positive and significant association between the 
hospital staff and their level of knowledge about the importance of designated separated exposure 
and suturing wound department (Table 5). 
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Table 5. Responses of hospital staff regarding the access and presence of emergency 
departments in the hospital 

 
Access to contents of protection during chemical incidents 

Response Job profession  
Doctor Nurse Technician Officer House keeper  

Yes 32 27 9 3 1 χ
2
=16.4 

No 1 2 1 0 1 p = 0.03 
Unknown 1 2 1 1 2  
Total 34 31 11 4 4  

Awareness about presence of code blue team in hospital for rapid response 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 32 28 8 4 2 χ

2
=19.3 

No 1 2 2 0 0 p = 0.013 
Unknown 1 1 1 0 2  
Total 34 31 11 4 4  

Presence of designated trauma resuscitation room in the hospital 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 32 28 9 4 1 χ

2
=19.07 

No 1 1 0 0 1 p = 0.014 
Unknown 1 2 2 0 2  
Total 34 31 11 4 4  

Presence of designated separate exposure and suturing wound department in the hospital 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 32 27 9 3 1 χ

2
=20.3 

No 1 3 1 1 1 p = 0.009 
Unknown 1 1 1 0 2  
Total 34 31 11 4 4  

 
The hospital staff was questioned about the presence of infection control program in the hospital. The 
results depicted that there was a significant relationship between hospital staff and their knowledge 
about the presence of infection control program in the hospital. Moreover, there was a positive 
relationship between the hospital staff and their training regarding the control of different infections 
(Table 6). 
 
Table 6. Response of hospital staff regarding the presence of infection control program in the 

hospital and their training about the control of different infections 
 

Presence of infection control program in the hospital 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 32 27 9 4 1 χ2 
No 1 2 0 0 1 p = 0.02 
Unknown 1 2 2 0 2  
Total 34 31 11 4 4  

Awareness about training of infection control among the hospital staff 
Response Job profession  

Doctor Nurse Technician Officer House keeper  
Yes 31 27 9 4 1 χ2 

No 2 2 1 0 1 p = 0.04 
Unknown 1 2 1 0 2  
Total 34 31 11 4 4  
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5. DISCUSSION 
 
It is believed that framing a complete and comprehensive strategy for disaster response must 
evaluate training requirements of individuals [13,16]. Low acquaintance about communication was 
observed among the nurses concerning the disaster preparedness [20]. Although, nurses were aware 
of triage, but had the lowest acquaintance about communication. These results were also supported 
by Garbutt et al. [16] and Sharma et al. [2] that was found sensitive towards the disaster management 
but had a low level of awareness about it. Nurses were observed to be more informed as compared to 
other staff members; whereas, doctors were observed to have positive attitudes towards managing 
disaster situations. 
 
A study conducted by Miller [12] revealed that the hospital staff was more skilled in basic first aid and 
triage. However, they scored low, when they were asked about specific questions that included the 
application of antidotes to the biological agents. Therefore, the study stated that more educational 
programs should be conducted for management of emergency situations [12]. There is a need for 
workshops, manoeuvres for staff, and annual training courses for the nurses to train them for 
emergency situations [8]. Regarding the preparedness and perceived competence of nurses in 
managing the disaster, a study showed that the majority of nurses got confused when there was an 
emergency situation. The nurses were not confident in their abilities to give a rapid response to a 
major disaster event. However, the nurses, who were confident in their abilities, had an experience in 
shelters and disasters [21]. 
 
There is an increasing toll of natural and man-made disasters globally. Nurses are required to 
understand the cycle of national disaster management as they comprise of the highest percentage of 
medical and health workforce [22]. A study by Ibrahim [23] targeted to assess the attitudes and 
familiarity concerning emergency and disaster preparedness among nurses in Saudi Arabia. The 
results suggested highly significant differences for the practice, attitude, and familiarity concerning 
natural disaster preparedness. The study reported lack of knowledge and emergency preparedness 
practices among nurses. Moreover, awareness and training regarding emergency situations must be 
conducted to enhance the nursing quality and practices to deal with an emergency. It has been 
observed that school faculties are unable to provide disaster preparedness curriculum in the nursing 
education [24]. 
 
A study by Shalhoub et al. [25] assessed the emergency or disaster preparedness for mass casualty 
situation in different private hospitals of Saudi Arabia. Many weaknesses were reported, particularly in 
the monitoring, training, and education of the hospital staff for the disaster emergency events. Few 
hospitals were found to conduct exercises with causalities, few had trained the staff in last twelve 
months; and none of the hospitals was observed to announce any exercise in the last year. Another 
study Bajow and Alkhalil [26] shed light on the emergency disaster preparedness in the hospitals of 
Saudi Arabia, considering its increasing importance in the country. It was observed essentially for the 
hospitals in the country to understand many of the hospital disaster preparedness practices. Disaster 
and emergency plan; particularly in information, committee, preparedness and hazard map are 
required. 
 
The study was motivated to find the disaster management preparedness among Dhahran Al Janoub 
General Hospital Staff during Hazm Storm Support 1436/2015. The results have provided novel 
insights related to suggestions. The hospital staff plays an important role in mitigation and recovery 
after the global increase in natural as well as human -induced disasters. The study concluded that the 
knowledge of emergency preparedness among the hospital staff was moderate. All the hospital staff 
should be involved in different aspects of disasters that include mitigation, planning, response, and 
recovery from any disastrous situation. The hospital should actively participate and seek opportunities 
to manage a disastrous event. Although, the attitude of the hospital staff was good and satisfactory, 
but their practices regarding the regularity of updating the emergency response need to be groomed. 
Moreover, administrators should encourage and support the disaster preparedness education of all 
the hospital staff for the promotion of hospital readiness in providing community care delivery in an 
emergency situation. The study was limited to Dhahran Al Janoub General Hospital Staff only; 
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whereas, future studies may focus on other hospitals and recruit larger sample size to have more 
effective results. 
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ABSTRACT 
 

Persistence of antibiotics in the aquatic environment has raised concerns regarding their potential 
influence on potable water quality and human health. This study analyzes the presence of antibiotics 
in potable water from two treatment plants in Baghdad City. The collected samples were separated 
using a solid-phase extraction method with hydrophilic-lipophilic balance (HLB) cartridge before being 
analyzed. The detected antibiotics in the raw and finished drinking water were analyzed and assessed 
using high-performance liquid chromatography (HPLC), with Fluorometric detector and UV-detector. 
The results confirmed that different antibiotics, including fluoroquinolones and B-lactams were 
detected in the raw and finished water. The most frequently detected antibiotics were ciprofloxacin 
with highest concentration of 1.270 µg L

-1
 in the raw water of AL-Wihda plant, whereas, the highest 

concentration of levofloxacin was 0.177 µg L-1, while, amoxicillin did not detect in this plant. In 
contrast, ciprofloxacine was found in both raw water and finished water of AL-Rasheed plant and 
recorded highest concentration of 1.344 and 1.312 µg L-1 respectively. Moreover, the residual amount 
of Levofloxacin in the raw water was up to 0.414 µg L

-1
, whereas, amoxicillin showed to be the most 

detectable drugs in the raw water of AL-Rasheed plant, with a concentration of 1.50 µg L-1. The 
results of this study revealed the existence of antibiotic drugs in raw and finished water, and should be 
included in the Iraqi standard for drinking water quality assessment. 
  
Keywords: Antibiotic contamination fluorescence detection; fluoroquinolone antibiotics; solid phase 

extraction (SPE). 
 

1. INTRODUCTION 
 
Wide-spread distribution and persistence of resistant pathogenic bacteria and environmental pollution 
have led to the use of a wide spectrum of drug compounds for treatment. Active drug substances are 
chemical compounds that can damage the environment, but have received little attention as potential 
environmental pollutants, particularly in the developing countries [1,2]. Furthermore, their effects on 
the biotic environment can be serious. Antibiotics are produced in large quantities as they are widely 
used in veterinary therapy as well [3,4]. The significant existence of antibiotics in the environment can 
be attributed to multiple factors including the release of unabsorbed antibiotics by animals and 
humans into the stream. Moreover, most of the residual unused antibiotics from medicinal practices, 
laboratories, factories, residential and commercial institutes are discarded into common waste water 
[5,6,7].  
 
The detection of traces of drugs in the drinking water sources of various countries is due to the 
improper discarded of these drugs in our water supplies, which then effect directly and indirectly in the 
environment and human [8]. The presence of these drugs at low levels in the environment is more 
than enough to have a harmful and deleterious impact, particularly, the long exposure time of 
pregnant women to the trace amount of these antibiotics may resulted in malformation of infants and 
children [9,10]. Although antibiotics are considered as a harmful factor for human health, its existence 
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in the environment is critical factor of contamination [11], so if these drugs are not disposed properly, 
they will lead to the emergence of resistant bacteria in the environment.  
 
On the other hand, some unused antibiotics are usually thrown to the sewage system to be 
eliminated; however, if the drugs are not eliminated or degraded, they will directly move to the surface 
water, ground water and drinking water [12]. Although, there are different ways to eliminate the 
antibiotics from the sewage system, not all drugs were completely treated, then it may release into the 
natural waters. According to the high water solubility and weak degradability of antibiotics, it can 
easily pass across the membrane through filtration steps and reach to the drinking water [13]. The risk 
of existing of antibiotics in wastewater treatment has gained more attention, because it may lead to 
develop the antibiotic-resistant bacteria in nature, as well as in different environmental conditions [14].  
 

2. ANTIBIOTICS IN THE ENVIRONMENT 
 
Antibiotics have attracted significant attention due to their ubiquitous existing in natural and artificial 
system, as well as, to the aggravation of resistant pathogens. Antibiotic contamination has been 
conducted in soil, sediment, sludge, ground water, waste water, tap water, surface water like rivers, 
water stream lakes, and in plant and animal production. Many reports refer to the route, occurrence, 
and final destiny of antibiotics [15,16], whereas, others suggested new technologies for efficient 
removal and analysis for treatment managements [17]. Some antibiotics will not degrade in a short 
time and take longer time for biodegradation when they bind to soil and sediment, like quinolones [18], 
However, photodegradation process of waste water treatment is used to efficiently eliminate these 
antibiotics from water contaminated with quinolones. Although some of them are more stable upon 
adsorption to sediment, they are usually found under the detectable limit in ground water samples [19, 
20], Therefor, antibiotics are exist at high concentration in soil and sediment samples than in waste 
water samples from antibiotic-polluted environment [21]. The environmental parameters and the soil 
composition and humidity affect antibiotic biodegradation, for example at low temperature, antibiotic is 
biodegraded at low level, and thus allow them to persist in soil for long time [22,23]. Moreover, 
antibiotics and their metabolites exhibit a wide spectrum of physicochemical and biological properties 
based on a biotic parameters of the environment. Antibiotics can behave as neutral, cationic, anionic 
or sweitterionic compound with a negative and positive charge under different pH conditions [24]. 
 
Waste Water Treatment Plants (WWTPs) are the final places for antibiotic treatment before they are 
administered into natural system in sewage disposal systems, however, not all WWTPs are fully 
designed to eliminate antibiotics, which at the end lead to accumulate the drugs in sewage sludge 
[25,26,27,28,29]. In China, quinolone was the most detected antibiotics in WWTPs with high 
concentration of 29.647 µg kg

-1
 [30], whereas, quinolones, sulphonamide, and macrolides were 

detected in municipal waste water plant in Beijing with concentrations of 4916, 2916 and 365 ng L-1 
respectively [31]. 
 
Drugs like colifibric acid and diclofenac have been detected in different water sources, including 
surface water, ground water, river and sewage water in Berlin [32,33,34]. Drug contamination in 
drinking water units in Canada and United States has been confirmed [35,36].  
 
Water quality of tap and drinking water is another issue to be fascinated, because several antibiotic 
residues such as erythromycin, macrolides and clarithromycin have been detected in tap water in 
Madrid [37]. Similarly, norfloxacin, ciprofloxacin, lomefloxacin and enrofloxacin have examined in tap 
water with concentrations ranged between 1.0- 679.7 ng L-1 and 2.0-37 ng L-1, respectively in China. 
[38]. 
 

3. THE EFFECT OF ANTIBIOTICS ON NATURAL MICROBIOTA 
 
The metabolic activity of microbial community modifies according to the presence of antibiotics in 
natural polluted ecosystem, and their impact on the bacteria structure remains for long time even 
when the impact has been reduced or eliminated [39]. Most notably, fluoroquinolones such as 
ciprofloxacin (CIP) and levofloxacin (LEV) and B-lactam amoxicillin (AMO) are wide-spectrum 
antibiotics that are effective against a broad range of infectious diseases. It was recorded that 
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ciprofloxacin is able to inhibits the growth of multi-drug resistance microorganism, which exert 
resistant pattern to other antibiotics such as macrolide, beta-lactam and aminoglycosides [40].  
 
In addition, the presence of low levels of antibiotics has been associated with an increased 
appearance of resistant pathogens that affect human health. Many studies have revealed the 
presence of antibiotic-resistant bacteria in drinking water supplies in the United States of America and 
Europe [41,42]. In addition, similar composition of veterinary and human antibiotics can create cross-
resistance [43,44].  
 
The antibiotic contamination of water also represents challenges for the water industry and water 
resource planning. Therefore, considerable attention has been paid to the presence of antibiotics in 
the environment and various aquatic media such as industrial wastewater, ground water, municipal 
wastewater, hospital wastewater, drinking water, and surface water [45,46,47].  
 
As long as antibiotics are considered as environmental pollutants, they require robust preclinical and 
clinical approaches to assess their efficiency before commercialization. In UK, Australia and US, the 
human risk assessments of antibiotics has been reviewed, where the concentration of antibiotics in 
drinking water is generally more than 1000-fold below the minimum therapeutic dose (MTD), which 
refers to the lowest active dose [48].  
 
The extraction of antibiotics from different samples by solid phase extraction techniques has been 
reported in many literatures [49,50], as well as the identification and quantification methods using 
capillary electrophoresis, thin layer chromatography and high performance liquid chromatography 
[51,52,53].  The most recent advance in analytical techniques to investigate the antibiotics in different 
samples is an HPLC technique [54].  
 
Evaluate the presence of antibiotics in drinking water is lead to realize the critical development of 
antibiotic-resistant bacteria in the environment. The present study is conducted to investigate the 
presence of antibiotics in raw and finished drinking water in treatment plants in Iraq, which can serve 
as a reference to develop new strategies for drinking water treatment in the future, and to determine 
the level of antibiotics at both beginning and end of water treatment. 
 

4. THE MAIN APPROACH OF ANTIBIOTIC DETECTION 
 
4.1 Area Selection for Antibiotic Detection  
 
Baghdad is a big city with a population exceeding seven million. Several factories and hospitals drain 
their wastewater illegally to the river. Many direct and indirect sources are responsible for the 
contamination of the river drainage area in Bagdad [46,55]. In this study, two water treatment plants 
were selected for water sample collection; AL-Rasheed and AL-Wihda plants (Fig. 1). AL-Rasheed 
plant is located in the south of Baghdad city within the site of multiple wastewater discharges and the 
waste of factories. It was firstly initiated in 1963 and the amount of production is estimated by 61. 668 
m3/ day. This plant provides Al-Zufraniah area and Al-Rasheed district. AL-Wihda plant is located on 
the eastern bank of Tigris River, acts as a source to feed the surrounding area such as Al-Karrada 
area and the industrial era. The total capacity is 75. 000 m3, where the available capacity is around 
73.000 m

3
. Al-Wihda plant was firstly constructed in 1959. 

 
4.2 Sample Collections and Manipulation 
 
A total of 36 samples, including 18 raw water samples from the AL-Wihda (W1) and AL-Rasheed 
water treatment plants (R1), and 18 finished water samples from the AL-Wihda (W3) and AL-Rasheed 
(R3) water treatment plants were collected from May to July 2017. Samples of 1 litre were collected 
from the raw and finished water before its entry in the distribution system from water treatment 
facilities. Sodium azide was added to the raw sample to eliminate microbial activity. Sodium 
thiosulfate was added to quench the residual chlorine disinfectants in the finished water at the time of 
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sample collection. After preparation, samples were collected in 1 L amber glass bottles, which were 
kept on ice during transportation and stored at 4
 

Fig. 1. The location of Al-Wihda and Al
image is adapted 

 
All samples were tested for their turbidity, temperature and pH prior to HPLC determination. The pH of 
samples was measured using a pH meter and the temperature of each sample was measured 
throughout the study period and taken into consideration the variab
season. Turbidity was measured to determine the cloudiness of samples and indicates to the existing 
of suspended particles such as clay, organic particles or microorganisms. 
 

4.3 Antibiotic Analysis by Solid
 

The solid-phase extract was prepared according to the manufacturer’s protocol with some 
modifications. The Oasis HLB cartridge was preconditioned before use by adding 4 mL MeOH and 6 
ml distill water (DW). The pH of the raw water samples and finished water samples was adjusted to 6 
and 3, respectively. One liter of the sample was filtered using 
impurities. The water sample was passed through the cartridge at a 
vacuum extraction manifold. Next, 10 ml of ultra
was subsequently air-dried for 5 min. Acidified methanol (10 ml of MeOH, 3 ml of 0.5 N HCL) was 
used to elute the analyte into a glass 
under a gentle flow of nitrogen, and the volume was increased to 250 µL using a mix of 
water/methanol (9:1). The extracts were filtered through 0.45 µm filters, transferred to auto sampler
vials, stored at -15°C and were analyzed within one week.
 

4.4 Analytical Methods  
 

4.4.1 Devices 
 

Devices used included the LC high gradient pump system (S1122, Sykam, Germany), auto sampler, 
degasser, heated oven and Fluorometric detector (RF) detector
 

Chemical analysis of antibiotic content in the water samples was performed according to [
Briefly, mobile phase A constituted of 0.1% formic acid and mobile phase B constituted of acetonitrile 
(v/v 30:70). The flow rate was 0.7 ml/min. RF detector w
emission wavelength of 450 nm for ciprofloxacin and levofloxacin, and UV detector of 230 nm for 
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sample collection. After preparation, samples were collected in 1 L amber glass bottles, which were 
kept on ice during transportation and stored at 4°C and extracted within 5 days of collection. 

 
Wihda and Al-Rasheed water treatment plants in Baghdad city. The 
image is adapted from Google earth pro 

All samples were tested for their turbidity, temperature and pH prior to HPLC determination. The pH of 
samples was measured using a pH meter and the temperature of each sample was measured 
throughout the study period and taken into consideration the variability of temperatures within the 
season. Turbidity was measured to determine the cloudiness of samples and indicates to the existing 
of suspended particles such as clay, organic particles or microorganisms.  

Antibiotic Analysis by Solid-Phase Extraction (SPE) 

phase extract was prepared according to the manufacturer’s protocol with some 
cartridge was preconditioned before use by adding 4 mL MeOH and 6 

The pH of the raw water samples and finished water samples was adjusted to 6 
and 3, respectively. One liter of the sample was filtered using 0.45 µm Millipore filter 
impurities. The water sample was passed through the cartridge at a flow rate of 5–8 ml /min using a 
vacuum extraction manifold. Next, 10 ml of ultra-pure water was used to wash the cartridge, which 

dried for 5 min. Acidified methanol (10 ml of MeOH, 3 ml of 0.5 N HCL) was 
used to elute the analyte into a glass test tube. The extracts were reduced to a volume of 100 µL 
under a gentle flow of nitrogen, and the volume was increased to 250 µL using a mix of 
water/methanol (9:1). The extracts were filtered through 0.45 µm filters, transferred to auto sampler

C and were analyzed within one week. 

Devices used included the LC high gradient pump system (S1122, Sykam, Germany), auto sampler, 
degasser, heated oven and Fluorometric detector (RF) detector. 

Chemical analysis of antibiotic content in the water samples was performed according to [
Briefly, mobile phase A constituted of 0.1% formic acid and mobile phase B constituted of acetonitrile 
(v/v 30:70). The flow rate was 0.7 ml/min. RF detector with excitation wavelength of 278 nm; and 
emission wavelength of 450 nm for ciprofloxacin and levofloxacin, and UV detector of 230 nm for 
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sample collection. After preparation, samples were collected in 1 L amber glass bottles, which were 
C and extracted within 5 days of collection.  

 

Rasheed water treatment plants in Baghdad city. The 

All samples were tested for their turbidity, temperature and pH prior to HPLC determination. The pH of 
samples was measured using a pH meter and the temperature of each sample was measured 

ility of temperatures within the 
season. Turbidity was measured to determine the cloudiness of samples and indicates to the existing 

phase extract was prepared according to the manufacturer’s protocol with some 
cartridge was preconditioned before use by adding 4 mL MeOH and 6 

The pH of the raw water samples and finished water samples was adjusted to 6 
Millipore filter to remove any 

8 ml /min using a 
pure water was used to wash the cartridge, which 

dried for 5 min. Acidified methanol (10 ml of MeOH, 3 ml of 0.5 N HCL) was 
test tube. The extracts were reduced to a volume of 100 µL 

under a gentle flow of nitrogen, and the volume was increased to 250 µL using a mix of 
water/methanol (9:1). The extracts were filtered through 0.45 µm filters, transferred to auto sampler 

Devices used included the LC high gradient pump system (S1122, Sykam, Germany), auto sampler, 

Chemical analysis of antibiotic content in the water samples was performed according to [56,57]. 
Briefly, mobile phase A constituted of 0.1% formic acid and mobile phase B constituted of acetonitrile 

ith excitation wavelength of 278 nm; and 
emission wavelength of 450 nm for ciprofloxacin and levofloxacin, and UV detector of 230 nm for 
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amoxicillin, was used. Chromatography was performed using 50 µL of the injected liquid at ambient 
temperature on a Pursuit Column C-18 (250 mm × 4.6 mm, 10 µm). 
 
4.4.2 Quantification 
 

Quantification procedure suggested by Hussain et al. [7] was employed. Analyte quantification was 
based on external calibration curves, which were plotted on the ratio of the peak area of the analytes 
signal for highest intensity and concentration [58,59]. 
 

4.5 LOD Analysis 
 

In order to determine the detection limit of antibiotics in raw and finished water, signal-to-noise 
approach was performed according to [60]. Briefly, samples were measured and the signal with 
known concentrations of analyte was compared with the relative blank samples. The minimum 
concentration was established at which the analyte can be reliably detected. The signal –to-noise ratio 
2:1 was used in this study, which acceptable to estimate the detection limit. The LOD was expressed 
as 3X standard deviation according to the SD of the response and slop. 
 

4.6 Statistical Analysis 
 

The statistical analysis was performed using GraphPad Prism program and SAS-software system 
2012 to analyse data of detected antibiotics in the study area by HPLC. The Least significant 
difference – LSD test (ANOVA) was used to determine the significant difference between detected 
drugs in raw and finished water plants at p< 0.05.    
 

5. MAIN RESULTS  
 

5.1 Existing of Antibiotics in Correlated with Environmental Parameters 
 

All the 36 collected samples (18 of Al-Wihda plant and 18 of Al-Rasheed plant) were subjected to 
HPLC to qualitative evaluation of remaining antibiotics in raw and finished water. The samples of raw 
and finished water of Al-Wihda and al-Rasheed plants were coded as W1, W3, R1and R3 respectively 
and the turbidity, nature, Tm, pH were determined and depicted in Table 1 which indicated that all 
samples were neutral in nature and temperature were ranged about 25-27°C.  
 

The results showed that all target analytes were detected in the drinking water treatments. 
Fluoroquinolones (ciprofloxacin and levofloxacin) were frequently detected in all water samples. 
Ciprofloxacin was detected in 11 out of 36 water samples, with a maximum concentration at W1 
(1.270 µg L

-1
); nine samples confirmed the presence of levofloxacin, with a maximum concentration of 

0.177 µg L-1 at W1. Amoxicillin was found only in one sample in R1 at the concentration of 1.50 µg L-1. 
Ciprofloxacin was the most frequently detected in both water treatment plants (Table 2, Fig. 2). 
Interestingly, the average BOD removal rate of Al-Wihda plant was zero, whereas; in Al-Rasheed 
plant the average BOD removal rate was about 11.8509, thus indicates to the efficient water treatment 
strategy in the former plant, this result was noticed by [61]. The occurrence of antibiotics in 
environments particularly in aquatic environment is under consideration due the probable emergence 
of drug-resistant bacteria [60]. In such case, many studies reported that the development of drug-
resistance bacteria is due not only to the presence of drugs in the aquatic environment, but also to the 
density of resistance bacteria, antibiotic exposure time and nutrient enriched environment [14,62]. 
Long exposure time to sub-therapeutic dose of antibiotics potentially leads to create suitable 
conditions for resistance gene transfer [62]. The presence of high concentrations of ciprofloxacin in 
the drinking water used for human consumption indicates the influence of wastewater discharge. 
Thus, the possibility and extent of pollution from animal sources should not be underestimated. For 
example, enrofloxacin is used only for animal treatments, but can be metabolized to ciprofloxacin 
under certain conditions [63,64]. In this study, amoxicillin was detected in only one sample; this is 
because that B-lactam drug has chemically unstable rings that readily undergo hydrolysis and may 
not be detected easily in the finished water [46,65]. Furthermore, many studies documented the 
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prevalence of amoxicillin and ciprofloxacin resistant bacteria in river water, waste water and drinking 
water [16,66, 67].  
 

Table 1.
 
Samples Nature 
W1 Highly turbid 
W3 Less turbid 
R1 Highly turbid 
R3 Less turbid 

 
Fig. 2. Presence of antibiotics in the raw and finished water at the AL
value of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water

in AL-Wihda plant  were illustrated; where the blue columns refer to the concentration of 
antibiotics in the raw water (W1) and red columns refer to the levels in the finished water (W3). 

There is no detectable amoxicillin was seen, which indicated by bla
 

Table 2, illustrate the concentration of antibiotics detected from all samples of raw and finished water 
of Al-Whida plant. Statistical analysis revealed significant differences (*
and the sites of AL-Wihda plant (W1, W3) for all antibiotics except amoxicillin
 

Table 2. Antibiotics in raw and finished water in the 
values for the three antibiotics between the raw and finished water (µg L

Statistical analyses were done with *
significant differences. NS refer

 
Antibiotics Concentrations in water samples

W1 
Ciprofloxacin 0.47± 0.005774
Levofloxacin 0.123± 0.0005774
Amoxicillin 0 ± 0 

 
5.2 LOD Determination of Antibiotics
 
 Limit of detection is either defined as the characterization of the general chemical ingredients at very 
low concentration, or recognize only one chemical measurements process [60]. In the present study 
the LOD was calculated for detected drugs in all sam
molecular weight, which are listed in 
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of amoxicillin and ciprofloxacin resistant bacteria in river water, waste water and drinking 

1. Turbidity and pH values of samples 

pH Tm  °C
7.35 26 
7.24 26 
7.53 27 
7.36 25 

Tm: Means the water temperature 
 

 

Presence of antibiotics in the raw and finished water at the AL-Wihda plant. 
value of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water

Wihda plant  were illustrated; where the blue columns refer to the concentration of 
antibiotics in the raw water (W1) and red columns refer to the levels in the finished water (W3). 

There is no detectable amoxicillin was seen, which indicated by black arrow

, illustrate the concentration of antibiotics detected from all samples of raw and finished water 
Whida plant. Statistical analysis revealed significant differences (*P<0.05) between antibiotics 

plant (W1, W3) for all antibiotics except amoxicillin. 

Antibiotics in raw and finished water in the AL-Wihda treatment plant. 
for the three antibiotics between the raw and finished water (µg L

-1
) are listed. 

were done with *P˂ 0.05, between W1 and W3. The asterisk represents the 
significant differences. NS refers to no significant differences 

Concentrations in water samples (µg L
-1

) LSD value
 W3 

± 0.005774 0.146± 0.0003333 0.0912*
± 0.0005774 0.020± 0.0006173 0.0415*

0 ± 0 0.00 NS

of Antibiotics 

Limit of detection is either defined as the characterization of the general chemical ingredients at very 
low concentration, or recognize only one chemical measurements process [60]. In the present study 

ected drugs in all samples, combined with chemical formula and 
molecular weight, which are listed in Table 3. 
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of amoxicillin and ciprofloxacin resistant bacteria in river water, waste water and drinking 

C 

Wihda plant. The mean 
value of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water 

Wihda plant  were illustrated; where the blue columns refer to the concentration of 
antibiotics in the raw water (W1) and red columns refer to the levels in the finished water (W3). 

ck arrow 

, illustrate the concentration of antibiotics detected from all samples of raw and finished water 
) between antibiotics 

treatment plant. Mean ± SD 
) are listed. 

represents the 

LSD value 

0.0912* 
0.0415* 
0.00 NS 

Limit of detection is either defined as the characterization of the general chemical ingredients at very 
low concentration, or recognize only one chemical measurements process [60]. In the present study 

with chemical formula and 
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Table 3. Qualitative detection (LOD) of residual drugs by HPLC method
 
Antibiotics Samples LOD
Levofloxacin W1, W3, R1, R3 D
Ciprofloxacin W1, W3, R1, R3 D
Amoxicillin R1 detected

 
Samples from the AL-Rasheed plant sites R1 and R3, showed higher levels of 
and W3 of the AL-Wihda plant. Some antibiotics like ciprofloxacin, levofloxacin, and amoxicillin are not 
completely removed and can become a major health hazard if they persist in the finished water even 
at low levels (ng L-1), due to the possible development of antibiotic
(Fig. 3) [68,69]. The statistical analysis showed significant differences at 
and sites of AL-Rasheed plant (R1, R3) for all antibiotics except 
 
In the study of [70], showed that nine commonly used antibiotics (like ciprofloxacin and amoxicillin) 
were tested for fate in wastewater and reclaimed water from two regions in US. They find that the 
concentration of detected antibiotics in influent samples are more than that of effluent samples 
Moreover, the concentrations of these drugs did not changes through passing from treatment plant to 
irrigation site, so antibiotics persist in treated municipal water at low conce
 

 
Fig. 3. Concentration of antibiotics in water samples at the 
of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water in AL

Rasheed plant where black columns refers to the 
present in raw water (R1), and the gray columns refer to levels in the finished water (R3). The 

black arrow represents the undetectable amoxici

5.3 Antibiotic Detection in Raw and 
 

Unlike Al-Wihda plant, amoxicillin is detected in higher concentrations compared the levofloxacin and 
ciprofloxacin in raw and finished water in Al
concentration of beta-lactam drugs in inl
samples (p-value = 0.0006). This increase is might be due to the aeration of these ponds [70]. The 
degradability of antibiotics may be varied, relies on different treatment technologies as well as s
conditions, where some antibiotics like ciprofloxacin and ofloxacin showed to be genotoxic [53].
 

The occurrence and existence of medically active drugs in raw and finished water in this study is 
consistent with other studies. Most of the active drugs are not fully degraded or consumed, may 
remain in drinking water in tiny amounts, and can lead to wate
that colifibric acid was indicated in the river and surface water [71] whereas, it was detected in 
wastewater, ground and drinking water at a maximum concentration of 70, 165 and 270 ng L
respectively, in Germany [15,32,33]. Another study showed that macrolids antibiotics like tylosin was 
found in drinking water in UK, Germany and Italy, at a variable concentration of 10, 6, and 1.7 ng L
[15,72,73]. Furthermore, carbapenem was also detected in the sewage system in
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Qualitative detection (LOD) of residual drugs by HPLC method

LOD Formula Mol.Wt (g mol
-1

) Antibiotic class
etected C18H20FN3O4, 361.37 Fluoroquinolone
etected C17H18FN3O3 331.34 Fluoroquinolone

detected C16H19N3O5S 365.40 Β-lactam

Rasheed plant sites R1 and R3, showed higher levels of antibiotics than W1 
Wihda plant. Some antibiotics like ciprofloxacin, levofloxacin, and amoxicillin are not 

completely removed and can become a major health hazard if they persist in the finished water even 
he possible development of antibiotic-resistant bacteria in potable water 

69]. The statistical analysis showed significant differences at (*P<0.05) between antibiotics 
Rasheed plant (R1, R3) for all antibiotics except ciprofloxacin, as seen in Table 4.

In the study of [70], showed that nine commonly used antibiotics (like ciprofloxacin and amoxicillin) 
were tested for fate in wastewater and reclaimed water from two regions in US. They find that the 

ected antibiotics in influent samples are more than that of effluent samples 
Moreover, the concentrations of these drugs did not changes through passing from treatment plant to 
irrigation site, so antibiotics persist in treated municipal water at low concentration.  

 

Concentration of antibiotics in water samples at the AL-Rasheed plant. The 
of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water in AL

Rasheed plant where black columns refers to the concentration of antibiotics that were 
present in raw water (R1), and the gray columns refer to levels in the finished water (R3). The 

black arrow represents the undetectable amoxicillin in the finished water (R3)
 

in Raw and Finished Water 

Wihda plant, amoxicillin is detected in higher concentrations compared the levofloxacin and 
ciprofloxacin in raw and finished water in Al-Rasheed plants (Table 4). It was reported that the 

lactam drugs in inlet pond is significantly higher than that of UV
value = 0.0006). This increase is might be due to the aeration of these ponds [70]. The 

degradability of antibiotics may be varied, relies on different treatment technologies as well as s
conditions, where some antibiotics like ciprofloxacin and ofloxacin showed to be genotoxic [53].

The occurrence and existence of medically active drugs in raw and finished water in this study is 
consistent with other studies. Most of the active drugs are not fully degraded or consumed, may 
remain in drinking water in tiny amounts, and can lead to water contamination. In UK, it was reported 
that colifibric acid was indicated in the river and surface water [71] whereas, it was detected in 
wastewater, ground and drinking water at a maximum concentration of 70, 165 and 270 ng L

15,32,33]. Another study showed that macrolids antibiotics like tylosin was 
found in drinking water in UK, Germany and Italy, at a variable concentration of 10, 6, and 1.7 ng L
[15,72,73]. Furthermore, carbapenem was also detected in the sewage system in Italy at 3.5 ng L
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Qualitative detection (LOD) of residual drugs by HPLC method 

Antibiotic class 
Fluoroquinolone 
Fluoroquinolone 

lactam 

antibiotics than W1 
Wihda plant. Some antibiotics like ciprofloxacin, levofloxacin, and amoxicillin are not 

completely removed and can become a major health hazard if they persist in the finished water even 
resistant bacteria in potable water 

) between antibiotics 
ciprofloxacin, as seen in Table 4. 

In the study of [70], showed that nine commonly used antibiotics (like ciprofloxacin and amoxicillin) 
were tested for fate in wastewater and reclaimed water from two regions in US. They find that the 

ected antibiotics in influent samples are more than that of effluent samples 
Moreover, the concentrations of these drugs did not changes through passing from treatment plant to 

The mean value 
of antibiotics (ciprofloxacin, levofloxacin, and amoxicillin) in the raw and finished water in AL-

concentration of antibiotics that were 
present in raw water (R1), and the gray columns refer to levels in the finished water (R3). The 

llin in the finished water (R3) 

Wihda plant, amoxicillin is detected in higher concentrations compared the levofloxacin and 
Rasheed plants (Table 4). It was reported that the 

et pond is significantly higher than that of UV-treatment 
value = 0.0006). This increase is might be due to the aeration of these ponds [70]. The 

degradability of antibiotics may be varied, relies on different treatment technologies as well as storage 
conditions, where some antibiotics like ciprofloxacin and ofloxacin showed to be genotoxic [53]. 

The occurrence and existence of medically active drugs in raw and finished water in this study is 
consistent with other studies. Most of the active drugs are not fully degraded or consumed, may 

r contamination. In UK, it was reported 
that colifibric acid was indicated in the river and surface water [71] whereas, it was detected in 
wastewater, ground and drinking water at a maximum concentration of 70, 165 and 270 ng L

-1
 

15,32,33]. Another study showed that macrolids antibiotics like tylosin was 
found in drinking water in UK, Germany and Italy, at a variable concentration of 10, 6, and 1.7 ng L-1 

Italy at 3.5 ng L
-1
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[72]. Moreover, the persistence of diclofenc and diazepam in wastewater, surface water, irrigation 
water and drinking water has been recorded, where they were detected at a maximum level of 258 
and 24 ng L-1 in USA and Canada respectively [34,35].   
 

Table 4. Detection of antibiotics in the raw and finished water at the AL-Rasheed treatment 
plant. Mean ± SD values of the detected antibiotics between the raw and finished water (µg L

-1
) 

at the AL-Rasheed plant are listed. Statistical analyses were conducted with *P˂ 0.05, between 
R1 and R3 and significant values are indicated by an asterisk. NS refers to no significant 

differences 
 
Antibiotics Concentrations in water samples (µg L-1) LSD value 

R1 R3 
Ciprofloxacin 0.539± 0.0003333 0.492± 0.0005774 0.195 NS 
Levofloxacin 0.209± 0.0005774 0.0474± 3.333e-005 0.077 * 
Amoxicillin 0.501± 0.0003333 0± 0 0.203 * 

 
HPLC is a widely selective separation method for the isolation of pure compounds from crude 
mixtures and was used successfully to detect antibiotics in low concentrations [74]. Twenty positive 
water samples were subjected to HPLC for quantitative analysis to investigate the presence of 
antibiotics in samples acquired from both plants. The chromatogram of raw water samples at the Al-
Wihda plant (6 samples out of 18) confirmed the presence of ciprofloxacin and levofloxacin (Fig. 4). 
Ciprofloxacin peaked at about 4.0 min retention time whereas levofloxacin exhibited peak at 5.6 min in 
comparison to the standard solution peak. 
 
At the AL- Rasheed water treatment facility, the chromatogram showed that the raw water (12 
samples out of 18) was contaminated by both ciprofloxacin and levofloxacin with sharp peak of 
ciprofloxacin at 3.9 min and peak of levofloxacin at 5.6 min (Fig. 5). Notably, amoxicillin was found 
only in one raw water sample at the Al-Rasheed plant with peak at 4.5 min retention time (Fig. 6). 
 

 
 

No. Retention 
time (min) 

Area 
(mV.s) 

Height 
(mV) 

Area 
(%) 

Height 
(%) 

WO5 
(min) 

Compound 

1 4.048 15944.144 329.323617 47.8 25.8 0.74 Ciprofloxacin 
2 5.632 2208.802 70.309 6.6 5.5 0.48 Levofloxacin 

 

Fig. 4. Chromatogram (HPLC-RF) of target antibiotics ciprofloxacin and levofloxacin at the AL-
Wihda plant. Ciprofloxacin is represented by the third peak (3.6) and levofloxacin by the fourth 

peak (5.6) during 10 min 
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No. Retention time 
(min) 

Area 
(mV.s) 

Height 
(mV) 

Area 
(%) 

Height 
(%) 

WO5 
(min) 

Compound 

1 3.900 16740.633 367.323 27.9 14.2 0.55 Ciprofloxacin 
2 5.620 5162.953 86.240 8.6 3.3 0.87 Levofloxacin 

 
Fig.  5. HPLC-RF analysis of target antibiotics ciprofloxacin and levofloxacin at the AL-

Rasheed plant. Ciprofloxacin is represented by the first peak (3.9) and levofloxacin by the 
second peak (5.6) during 10 min of the procedure 

 

 
 

No. Retention time 
(min) 

Area 
(mAU.s) 

Height 
(mAU) 

Area 
(%) 

Height 
(%) 

WO5 
(min) 

Compound 

1 4.530 8135.560 276.290 45.4 31.6 0.47 Amoxicillin 
 

Fig.  6. Chromatogram for Amoxicillin of Al-Rasheed plant. HPLC-UV analysis showed the 
presence of Amoxicillin in al- Rasheed water treatment plant, referred by second peak (4.5) 

during 10 min of aqueous solution 
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5.4 Spectroscopic Analyses of Detected Antibiotics 
 
Detection of ciprofloxacin by HPLC using spectroscopic detector, resulted in high yield recovery of 75-
84% within 13.8 and 15 min [75,76], however, ELISA and TLC techniques could be used to detect 
ciprofloxacin from different samples [77]. The majority of wastewater treatment systems worldwide are 
not fully equipped to eliminate antibiotics and disinfectants which are not biodegradable, though, an 
friendly environment, low cost and efficient techniques should be assessed to remove antibiotics from 
wastewater and consequently drinking water [78]. 
 
This research signals the need for surveying multiple antibiotics in the raw and finished water of water 
treatment plants in Iraq. Future studies should concentrate on the presence and transportation of 
these compounds during the treatment of drinking water. Therefore, the persistence of a wide 
spectrum of antibiotics in some water sources suggests that the overall impact of antibiotics as a 
pollutant group should not be ignored. 
 

6. CONCLUSION 
 
The results of the present study revealed that ciprofloxacin, levofloxacin, and amoxicillin were 
detected in the raw water, while ciprofloxacin and levofloxacin were detected in the finished water as 
well. This has serious implications as it can contribute to the development of antibiotic-resistant 
bacteria. The possible persistence of ciprofloxacin and other antibiotics in potable water sources is a 
serious problem due to the health impacts of chronic exposure over a lifetime, even at low-levels. 
Besides, the drugs emit unpleasant odors and can cause skin-disorders [79]. Antibiotic pollution of 
potable water has to be addressed with urgency as some diseases caused by pathogenic resistant 
bacteria cannot be treated by conventional antibiotics [80]. Thus, this study highlights the need for a 
comprehensive approach to the presence of antibiotic composites in rivers and potable water in Iraq. 
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ABSTRACT 
 

The purpose of this study is to evaluate the influence of sex, residence area, age group, school 
enrollment, poverty status and income quintiles variables on the prevalence of stunting among 
Yemeni children and adolescents. The investigation was done on all children and adolescents (3004) 
aged 519 years that included in the last Yemeni household Budget Survey (YHBS) data of 
2005/2006. The data included a classification to the poverty status of surveyed households. The cutoff 
of 2 z scores of the heightforage reference suggested by NCHS, was used to calculate the 
prevalence rate of stunting. Descriptive, categorical testing, logit modelling statistical analysis tools 
were used in the investigation. The statistical analysis shows the overall prevalence rate of stunting as 
49.5% and the prevalence of stunting among males is higher than females. The prevalence of 
stunting among rural children and adolescents is higher than the urban children and adolescents and 
among children and adolescents who were not enrolled is higher than those enrolled. Children and 
adolescents of poor households were suffering from stunting (52.8%) as comparing to children and 
adolescents of nonpoor households (47.7%). Children and adolescents living with the poorest, 
second and middleincome households were 1.76, 1.73 and 1.46 times more likely to be stunted 
respectively. The research provides an evidence that the childhood health situation in Yemen is 
chaotic and needs careful and effective cooperation and efforts both nationally and internationally to 
divert the foreseen danger looming. 
 

Keywords: Yemen; children; adolescents; stunting; NCHS; risk factors. 
 

1. INTRODUCTION 
 

Stunting is defined as heightforage Z score (HAZ) of equal to or less than minus two standard 
deviation (2 SD) below the median of a reference standard [13]. It means that any individual, who is 
less than 2SD below the reference median of HAZ, is classified as chronically malnourished or 
stunted [1,4]. HAZ score is one of the most recommended malnutrition indicators of stunting during 
adolescence [13,5]. Heightforage (HA) is a stunting indicator of chronic malnutrition based on the 
principle that an individual has an expected height for his age. It is an indicator of shortness/tallness 
and low score is evidence of chronic under nutrition [1,4,6]. It is an indicator measure of child health 
since it is believed to be a longrun measure of nutritional status [7]. It is also a wellestablished child
health indicator of chronic malnutrition, which reliably gives a picture of the past nutritional history and 
the prevailing environmental and socioeconomic circumstances [8].  
 

As recommended by WHO, evaluating the malnutrition status is based on comparing the sample in 
the survey with a reference population of wellnourished children [1,2]. 
 
Adolescence is a significant period of human growth that has unique changes occur during this period 
and an important stage in human development. In addition, the proximity of adolescence to biological 
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maturity and adulthood may provide final opportunities for preventing adult health problems [9]. 
Therefore, assessing the growth and nutritional status of children and adolescents is an essential part 
of monitoring the health of a population or a community [10].  
 
There is little anthropometric information available on adolescents in both developed and developing 
countries. One reason for this gap in knowledge is the lack of an internationally agreed on nutritional 
status during this period of life.  However, the assessment of malnutrition during adolescence is 
complicated by important changes in body composition, especially during the puberty or adolescence 
[3,9].  
 
There are few studies on adolescent that were conducted in Yemen. The first study was conducted by 
Jumaan in April 2007 on 114 girls aged 1019 years [11]. She studied the impact of copper and zinc 
on stunting in a sample of adolescent Yemeni girls at AlWehda district, Sana'a by using the Body 
Mass Index (BMI). She observed that (68.8%) of the girls were below the normal statureforage 
percentile and 20% were stunted. Furthermore, there was a statistically significant effect of zinc levels 
on the heights of girls [11]. The second study was conducted by AlSaqladi, BinGadeen and Brabin in 
2010 on 102 children <16 years at AlWahda General Teaching Hospital, Aden [12]. The main 
purpose of the study was to describe the growth status of children and adolescents with Sickle Cell 
Disease (SCD) in Yemen using the new WHO reference values. It was found that there is an 
association of low heightforage with males, low weightforage and weightforheight with increasing 
age and low weightforage with alkaline phosphatase levels [12]. 
 
The present study is aiming to investigate the effect of some socioeconomic factors on the 
prevalence of stunting among some school children and adolescents in Yemen. 
 

2. METHODS 
 
Definitions: In this study, stunting was defined as HAZ equal to or below minus two standard deviation 
(2sd) of the mean of NCHS standard [3,13]. 
 
Children were defined as aged 610 years and adolescents were aged 1019 years [14]. 
 
2.1 Data Source 
 
The sample of the study was all children and adolescents aged 519 years included in the last YHBS 
2005/2006. The total sample was 3004 children and adolescents. Along with the stunting status, other 
factors such as sex, area of residence, school attendance and age groups were taken into analysis. 
 

2.2 Analysis of Data 
 

The anthropometric measures convert information for individuals with height, sex and age into Z
scores based on the NCHS recommended reference population [5] by using the Nutrition Procedure 
of Epi Info Computing Package Version 6.02 [15]. SPSS version (21) was used to analyze the data 
sample. The frequencies of the variables were calculated and both Pearson's ChiSquare (χ

2
) test and 

logit model were used to study the relationship between stunting and the other risk factors [16,17]. 

The significance level 05.0  was established throughout the analysis. 
 

3. RESULTS 
 

Statistically, it is plausible to explore first nature of the variables that will be used on the analysis. So, 
Table 1 shows the frequencies of the variables in which 53.5% of the sample of children and 
adolescents are males and 60.6% are living in urban areas. 73.3% of the sample were found enrolled, 
64% of them are on the age interval 1019 years and over onethird of the children (34.0%) poor. 
 

In general, Table 2 suggests that children aged 510 years that are not enrolled more likely to be 
stunted. This result is reversely reported with the age group 1019 years where those enrolled are 
more likely to be stunted. In both age groups, the children and adolescents of the urban areas are 
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more likely to be severely stunted. Both males and females of the age group 1019, poor and non
poor and the poorest, second and middle adolescents are more likely to suffer from stunting. 
 

Table 1. Frequencies of the variables 
 

Variables Categories N % 
Sex Male 1607 53.5 

Female 1397 46.5 
Residence Area Urban 1819 60.6 

Rural 1185 39.4 
Stunting Status Stunted 1486 49.5 

Not stunted 1518 50.5 
School Enrollment Yes 2201 73.3 

No 803 26.7 
Age Groups in years 5  < 10 1081 36.0 

10 – 19 1923 64.0 
Poverty Status Poor 5<10 360 33.3 

1019 667 34.7 
Nonpoor 5<10 721 66.7 

1019 1256 65.3 
Income Wealth Index 
Quintiles 

Poorest 350 11.7 
Second 377 12.5 
Middle 477 15.9 
Fourth 881 29.3 
Richest 919 30.6 

Total 3004 100.0 
 

Table 2. The means and standard deviations (SD) of HAZ according to age groups 
 

Variables 5 - 10 years 10 - 19 years 
Mean SD Mean SD 

School Enrollment Yes 1.6 1.7 2.1 1.4 
No 2.2 2.0 1.9 1.6 

Residence Area Urban 2.0 1.8 2.1 1.3 
Rural 1.8 0.9 2.1 0.7 

Sex Male 1.9 1.8 2.1 1.5 
Female 1.8 1.9 2.1 1.5 

Poverty Status Poor 2.0 1.8 2.1 1.6 
Nonpoor 1.8 1.8 2.1 1.4 

Income Wealth Index 
Quintiles 

Poorest 2.0 2.1 2.3 1.4 
Second 2.2 1.8 2.3 1.6 
Middle 2.0 1.6 2.3 1.4 
Fourth 1.8 1.6 2.0 1.4 
Richest 1.7 2.1 1.9 1.5 

All 1.9 1.8 2.1 1.5 
 

The prevalence of stunting according to the categories of the variables is presented in Table 3. In this 
table, many important points can be noticed. For instance, the relationship between sex of children 

and stunting is highly significant ( 2  26.274, P value = 0.000). The prevalence of stunting among 
males is higher than females. The relationship between residence area and stunting is significant          

( 2  4.008, P value = 0.045). The prevalence of stunting among rural children and adolescents is 
higher than the urban children and adolescents. The relationship between stunting and school 

enrollment is significant ( 2  9.703, P value = 0.002) and the prevalence of stunting among those 
children and adolescents not enrolled is higher than those enrolled. The relationship between stunting 

and age groups is not significant ( 2 0.018, P value = 0.895) and almost there is no difference in the 
prevalence of stunting between the two age groups. The prevalence among poor children and 
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adolescents higher than nonpoor (52.8% versus 47.7%) and the association is statistically significant 

( 2 6.830, P value = 0.009). Stunted children and adolescents were more likely to live with the 

poorest, second and middleincome households ( 2  37.555, P value = 0.000). 
 

Table 3. The relationship between HAZ and other variables 
 

Variables HAZ status χ
2
 P-value 

Stunted Not stunted 
Sex Male 865 (58.2%) 742(48.9%) 26.274 0.000 

Female 621(41.8%) 776(51.5%) 
Residence Area Urban 873(58.2%) 946(62.3%) 4.008 0.045 

Rural 613(41.3%) 572(37.7%) 
School Enrollment Yes 1051(70.7%) 1150(75.8%) 9.703 0.002 

No 435(29.3%) 368(24.2%) 
Age Groups in years 5  < 10 533(35.9%) 548(36.1%) 0.018 0.895 

10 – 19 953 (64.1%) 970(63.9%) 
Poverty Status Poor 542 (36.5%) 485 (31.9%) 6.830 0.009 

Nonpoor 944 (63.5) 1033 (68.1%) 
Income Wealth Index 
Quintiles 

Poorest 204 (13.7%) 146 (9.6%) 37.555 0.000 
Second 215 (14.5%) 162 (10.7%) 
Middle 252 (17.0%) 225 (14.8%) 
Fourth 418 (28.1%) 463 (30.5%) 
Richest 397 (26.7%) 522 (34.4%) 

 
As the null hypothesis is to investigate the prevalence of stunting among Yemeni children and 
adolescents along with the variables sex, residence area, age groups and currently school attendance 
for children and adolescents. So, stunting of individuals was considered as the dependent variable 
and others as independent variables. For such reason, logit or logistic regression is considered the 
most appropriate data analysis tool [16,17]. Following this multivariate analysis (Table 4), the 
prevalence of stunting was found to be associated with sex, currently school attendance and quintiles 
variables. The prevalence of stunting among males was 1.53 times more than females. The 
prevalence of stunting among individuals who considered enrolled is about 0.71 times less than 
children not enrolled. The prevalence of stunting among children and adolescents who were living 
with the poorest, second and middleincome households were 1.76, 1.73 and 1.46, respectively, times 
more than individuals who were living with the richest households.  
 

Table 4. Logit model analysis of prevalence of stunting 
 
Independent variables B Odds ratio 95% CI P-value 
Residence Area (rural) 0.08 0.92 0.78  1.09 0.343 
Sex (male) 0.41 1.50 1.30  1.74 0.000 
School Enrollment (yes) 0.28 0.76 0.59  0.85 0.003 
Age Groups (1019) 0.13 1.14 0.97  1.34 0.116 
Poverty (nonpoor) 0.04 0.96 0.82  1.13 0.650 
Income Wealth Index Quintiles (richest)                                                                               0.000 
Poorest 0.56 1.76 1.32  2.34 0.000 
Second 0.55 1.73 1.33  2.26 0.000 
Middle 0.38 1.46 1.16 – 1.84 0.001 
Fourth 0.18 1.19 0.99 – 1.44 0.067 
Constant 0.31 0.74  0.017 

CI: Confidence Interval 
 

4. DISCUSSION 
 
Although many studies have been conducted on the anthropometric assessment of nutritional status 
in preschool children [18,19], much less information can be found about growth and nutritional status 
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of schoolage children and adolescents. Among the most important reasons for this lack of information 
are the difficulty of interpreting anthropometric data in these age groups [3,9], the rapid changes in 
somatic growth, problems of dealing with variations in maturation, and difficulties in separating normal 
variations from those associated with health risks [20]. Furthermore, the use and interpretation of 
indicators such as heightforage z scores (HAZs) for characterizing growth patterns has been the 
subject of debate [19]. 
 
The results show that with using a cutoff of 2 z scores of the heightforage NCHS reference, the 
overall prevalence of stunting is 49.5%. This result is very high comparing to some countries round 
the globe [10,2124] and low as comparing to findings of a study done in South Africa (68.4%) of the 
obese group [25]. However, it is in the range of 4856% obtained for children from countries under 
Partnership for Child Development (PCD) (Ghana, Tanzania, Indonesia, India, and Viet Nam) [26]. 
This difference is likely to stem from differential nutritional intake, socioeconomic and cultural 
differences rather than differences in their genetic potential to achieve maximum height. Although the 
NCHS standard used in this study represents the growth pattern of children from the USA, it is 
accepted internationally to adequately reflect variation in growth that is related to nutrition and health 
of children from different ethnic backgrounds [9]. 
 
The new multicenter growth reference chart of the World Health Organization (WHO) was not used 
because there are very few studies that used it on school children and adolescents, and this will make 
it difficult for us to compare our findings with those of many other studies that used the NCHS 
reference. Moreover, Stephenson et al. showed that the height of welloff, urban school children in 
Kenya was not different from the NCHS reference values [26] while Jane et al. found that the growth 
of the ‘elite’ Nigerian children is very similar to the figures of the NCHS [27]. Thus, our finding is a true 
mirrorimage of overall standard of living in Yemen and capability of the population to meet its basic 
needs, such as access to food, housing, and healthcare, which themselves are factors closely linked 
to the development of under nutrition. 

 
The relationship between stunting and sex varied from one study to another. While some studies 
demonstrated a higher prevalence among males [10,22], others demonstrated a higher prevalence 
among females [28]. In the present study, the prevalence of stunting among males is higher than 
females. This result agrees with some studies conducted in Kenya and Nigeria [10,22]. This could be 
due to increased access to food at the older age when the females are culturally involved in the 
cooking of familyfood, and hence, their better nutritional state compared to the male counterparts. 
Another explanation for the fact that more boys aged 1519 were stunted than girls could be because 
poor, stunted girls had dropped out of school leaving behind betternourished girls [23,29]. 

 
The prevalence of stunting among rural children and adolescents is higher than the urban children 
and adolescents, which agrees with finding in Tribal study, India [30] and not conform with finding of a 
study conducted in South Africa [25]. The prevalence of stunting among children and adolescents who 
were not enrolled is higher than those enrolled. This result is in agreement with studies in Ghana and 
Tanzania where nonenrolled children were more malnourished than children enrolled [31,32]. 
Children and adolescents belong to poor households were significantly suffering from stunting 
(52.8%) as comparing to children and adolescents belong to nonpoor households (47.7%) (P value < 
0.01). Similar findings to our study was found in a study conducted in India [33].  

 
Children and adolescents lived with the poorest, second and middleincome households were 1.76, 
1.73 and 1.46 times more likely to be stunted, respectively, than compared to those lived with richest 
households (P< 0.01). Therefore, the prevalence of stunting is likely to be more among the poorest 
children and adolescents than the richest, which conforms with findings of a study conducted in 
Pakistan [34]. 
 

5. CONCLUSIONS 
 
Chronic malnutrition remains a prominent feature of Yemeni school children and adolescents. The 
United Nations has set Millennium Development Goals (MDGs) to be achieved by 2015 [13]. The 
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eight MDGs which include halving the proportion of people suffering from hunger and malnutrition, 
providing universal primary education, and promotion of higher levels of higher education for both 
men and women form a blueprint agreed to by all countries of the world.  

 
The main objective of the present research was to investigate the influence of sex, area of residence, 
age group, currently school enrollment, poverty status and income wealth index quintiles variables on 
the prevalence of stunting among Yemeni children and adolescents. The investigation was done on all 
children and adolescents aged 519 years involved in the last YHBS (2005/2006). 

 
By using a cutoff of 2 z scores of the heightforage NCHS reference, Epi Info package produced the 
overall prevalence of stunting as 49.5%. 

 
All other statistical analyses have been done by SPSS (21) that included simple descriptive statistics, 
ChiSquare (χ2) testing and the logit (logistic) regression. The results indicated a relatively high 
enrollment rate (73.3%) and more than onethird (34.0%) of the investigated sample of children and 
adolescents to be poor.  

 
While stunting is common among 510 children that are not enrolled, 1019 adolescents are 
commonly stunted. Stunting is common among 1019 males and females, poor and nonpoor and also 
in the first three income wealth index quintiles households. 

 
The results of using ChiSquare (χ2) testing and the logit (logistic) regression have proved that the 
prevalence of stunting among males is significantly higher than females. The prevalence of stunting 
among not enrolled is significantly higher than enrolled and also higher among who were living with 
the poorest, second and middleincome wealth index quintiles households than individuals who were 
living with the richest households. 

 
The present research was built on analyzing a relatively old data (2005/2006), wherefore the results 
presented in this research do not reflect the actual terrible livelihood situations of the whole Yemeni 
people due to more than three years of miserable war and its disastrous consequences on children 
and adolescents. 
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ABSTRACT 
 

Introduction: The coverage of sanitation and access to safe drinking water in Ethiopia especially in 
Wolaita Sodo town are not well studied. Therefore, the main objective of this study was estimating 
access to drinking water supply, sanitation and hygiene facilities in Wolaita Sodo town, southern 
Ethiopia, in reference to national coverage.  
Methods: A community based cross-sectional study design method was employed in the study in 588 
households of Wolaita Sodo town inhabitants. Face-to-face interview to household owners, in-depth 
interview to key informants, reviewing secondary data and observational check lists were used to 
collect data. Districts were selected using simple random sampling techniques, while systematic 
random sampling technique was applied to select households. Data was analyzed using Epi Info 
version 3.5.4 and SPSS version 16 statistical software. Bivariate and multivariable logistic regression 
analysis was carried out.  
Results: The community has access to improved water supply which was estimated to be 67.9%. The 
main water sources of the town were tap water within the yard, which was estimated to be 44.7% and 
tap water in the community was 40.0% followed by private protected well which was 14.5%. Ninety-
one percent of the households had at least one type of latrine in their homes. The most common type 
of latrine available to households was pit latrine with superstructure which was estimated to be 75.9% 
followed by a pit without superstructure, 21.3% and more than half of the respondents had hand 
washing facilities in their compound. Occupational status, educational status and training on water, 
sanitation and hygiene related topics were significantly associated with use of improved water source, 
improved sanitation and hygiene facilities.  
Conclusion: In order to address the demand of the town, additional water, sanitation and hygiene 
programs are required. 
 
Keywords: Drinking water supply; sanitation; hygiene facilities; households; safe water. 
 

1. BACKGROUND 
 
The health and wellbeing of population are directly affected by the coverage of water supply and 
sanitation [1–3]. The impact of poor environmental conditions on the transmission of communicable 
disease is well established. The disease burden from water, sanitation and hygiene is estimated to be 
4.0% of all deaths and 5.7% of the total disease burden (in DALYs) occurs worldwide [4]. High 
incidences of childhood diarrhea, helminthiasis, trachoma and high mortality rates are associated with 
poor sanitation and water supply facilities [5,6]. Excreta contain a wide variety of human pathogens 
and removal of these pathogens from the immediate environment has a dramatic impact on health of 
the community [4,7]. 
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Access to safe water, adequate sanitation and hygiene facilities can mitigate a person’s risk of 
diarrheal disease [8,9]. The provision of safe and adequate water supply, proper disposal of human 
excreta and refuse, the control of the safety of food, vegetables and beverages from disease causing 
organisms or their poisonous products and the control of flies, lice, mosquitoes and so forth are man’s 
first line of defense against disease [10]. 
 
A high incidence of enteric diseases associated with poor sanitation is characteristic of the disease 
picture in many developing countries of the world [11]. The best ways of combating these diseases 
from cost-benefit and cost-effectiveness points of view are the provision of safe drinking water, the 
practice of food hygiene and the sanitary disposal of excreta [11–13]. 
 
A research conducted to review available national and state/territory survey data on water supply and 
sanitation in remote Indigenous Australian communities and to discuss the findings in terms of 
priorities for health and infrastructure development inferred that many communities do not have a 
reliable water supply and experience frequent and prolonged breakdown in sewerage systems [14]. 
Items of basic household infrastructure regarded as essential for household hygiene are missing or 
not functional in many community-owned dwellings. For example, in about one-third of houses 
bathroom taps and toilet drainage required major repairs [14]. 
 
Basic water supply, sanitation and hygiene facilities are showing an increasing pattern in Ethiopia 
from time to time [15], but data on the access to drinking water supply, sanitation and hygiene 
facilities are limited in Ethiopia [16–18] specifically in Wolaita Sodo town; therefore the objective of 
this study was to estimate access to drinking water supply, sanitation and hygiene facilities in Wolaita 
Sodo town, Wolaita Zone, southern Ethiopia. 
 

2. METHODS 
 

2.1 Study Site 
 

The study was conducted in Wolaita Sodo town in southern Ethiopia. The town is located at a 
distance of 330 km south of Addis Ababa (a capital of Ethiopia). It has three sub cities and 11 districts 
(lower level administration). The town has 100,755 populations and 15,850 households. 
 

2.2 Study Design 
 

A community based cross-sectional study was conducted in May to July 2014 using a pretested semi 
structured questioner supplemented by qualitative methods obtained by in-depth interview of the local 
water supply official and water quality technician and health extension workers of the town. 
 

2.3 Sampling 
 

The study area has three sub cities, a total of 11 districts. Two districts were taken randomly from 
each sub city to form a total of 6 districts. The minimum sample size was determined by single 
population proportion formula by considering local assumptions. Based on these assumptions, five 
hundred eighty-eight (588) households were determined and these households were selected across 
each of the six districts based on the number of households proportion to each district. Houses were 
selected using systematic random sampling techniques based on the roster list of each household. 
For the qualitative data collection, three in-depth interviews (one for water supply office, one for water 
quality technician and one for town health extension worker) were conducted. For the in-depth 
interview, it was moderated by an experienced person who had made many interviews and 
moderations previously and the in-depth interview was recorded with tape recorder; in addition hand 
written notes were taken during the interview by note taker and further transcribed and translated into 
English. 
 

2.4 Data Collection Tools 
 

The data was collected using semi structured questionnaires, in-depth interview, reviewing secondary 
data and observational checklist [19]. The questionnaire was designed to obtain information on 
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sociodemographic characteristics of household owners, sources of water supply and availability and 
accessibility of water container, amount of water consumption and sanitation and hygiene information 
and disease condition information. The main focus areas addressed during the in-depth interview 
were how sanitation is maintained in the community, how people practice hygiene and sanitation, how 
water quality is assessed and which factors affect the water, sanitation and hygiene practice in the 
community. 
 

2.5 Operational Definition 
 
An unimproved water source is water from a dam or pool or stagnant water from a river, stream, or 
rainwater tank. Improved water sources are water piped into the residence, from a human-powered 
drill or from a water tower. Unimproved (poor) sanitation status houses have no latrine or toilet facility. 
Households with improved (good) sanitation status houses have a pour-flush latrine or ventilated 
improved pit latrine. Poor hygiene practice includes having no hand washing and bathing facilities or 
detergents in the house or washing hands with water but no soap or other detergents. Good hygiene 
practices include the use of hand washing and bathing facilities, with the availability of soap and other 
detergents in the house [19]. 
 
2.6 Data Quality Assurance 
 
To assure the quality of the data in the study, the English version questionnaire was translated to 
Amharic (local language) and back translated to English by translators who were blind to the original 
questionnaire. Data collectors and supervisors were trained and a regular super-vision and follow-up 
were made by principal investigators. Pretest was done in non-selected districts. The collected data 
was reviewed and checked for completeness and consistence by the supervisors and principal 
investigators each day. The data was checked, coded and entered into computer and cleaned before 
analysis. 
 

Table 1. Sociodemographic characteristics of households of Wolaita Sodo town, 2013 
 

Variables Responses Number Percent 
Sex of the respondents Male 166 28.2 
 Female 422 71.8 
Age of respondent (in years)? <15 years 4 0.7 
 16–30 years 279 47.4 
 >31 years 305 51.9 
 Single 28 4.8 
Marital status of head of the household Married 477 81.1 
 Divorced 23 3.9 
 Widowed 60 10.2 
 Unable to read & write 144 24.5 
Educational status of head of the household Grades 1–6 163 27.7 
 Grades 10–12 142 24.1 
 Higher education 139 23.6 
 Business related 208 35.4 
Occupation of head of the household Government employee 163 27.7 
 Daily laborer 97 16.5 
 Unemployed 34 5.8 
 Other 86 14.6 
Number of family members in the household ≤5 families 352 59.9 
 >5 families 236 40.1 
 

2.7 Variables 
 
Variables were classified as two main ones, namely, demographic variables such as age, sex, 
education status, occupation status, ethnicity, religion and family size and environmental health 
variables such as water supply, hygiene and sanitation. 
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2.8 Data Processing and Analysis 
 
For quantitative data, Epi Infor version 3.5.4 and SPSS version 16 were used and then some of the 
responses were randomly selected and checked for errors during data entry. Then a descriptive 
frequency was used for checking of outliers. Data was cleaned accordingly and further analysis was 
done. Bivariate and multivariate logistic regression analyses were carried out. Odds ratio, 95% 
confidence interval and p values were determined for each variable. 
 

2.9 Ethical Consideration 
 
Ethical permission to under-take the study was obtained from Wolaita Sodo University Research and 
Community Service Directorate. Official letter of cooperation was given to Wolaita Sodo City 
Administration. Informed consent to participate in the study was obtained before conducting the 
interview. For this a one-page consent letter was attached to the cover page of each questionnaire 
and it will explain to study participants that participation is voluntary and confidential and private 
information was protected. The right of the respondent to withdraw from the interview or not to 
participate was respected. Identification of an informant was possible only through specific 
identification numbers. 
 

3. RESULTS 
 
3.1 Demographic Characteristics of Respondents 
 
A total of 588 households were approached and all were participated with a response rate of 100%. 
The data was collected from all the three sub cities in the town. The majority (422) (71.8%) of 
respondents were females. Regarding the age of respondents, 305 (51.9%) were >31 years of age 
and 279 (47.4%) were between 16 and 30 years of age. Regarding educational status of the 
respondents, 144 (24.5%) were unable to read and write followed by grade 1–6 level which was 
estimated to be 163 (27.7%). Concerning their occupation of respondents, 208 (35.4%) of the 
participants had business related occupations. Finally, 236 (40.1%) of the respondents had a family 
size >5 families (Table 1). 
 
3.2 Water Supply Condition 
 
The main drinking water sources in the study area were estimated to be 399 (67.9%) and 189 (32.1%) 
from improved water source and unimproved water source, respectively. But specifically, the main 
water sources of respondents, tap water within the yard and tap water in the community were 263 
(38.0%) and 235 (33.9%), respectively. 

 
Most of the participants (465) (48.70%) stored their drinking water using a container made up of 
plastic materials (the capacity ranges from 20 to 5000 liters; it depends on the socioeconomic status 
of the household) and barrel users were 274 (28.70%). The most common type of cleansing material 
to clean the water storage container was water with soap which was estimated to be 495 (78.10%) 
and followed by water without any detergent only (87) (13.70%). 
 
Water sources reliability was only perennial (148) (26%) and the remainders (427) (74%) were 
intermittent (i.e., water was not available throughout the year, especially during dry seasons from 
February to June). In almost all households (99%), water storage container has a covering material 
and 268 (45.6%) of the respondents clean their water storage container twice in a week while 177 
(30.1%) of them did it once in a week. 

 
Most of the town depends upon piped water supply, in supplement with river and private well water 
sources to meet the demand. However, the share of the river water and private well water sources 
increases during the warmest season of the year (from February to June). 
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Even though 529 (90.0%) of the households heard about household water treatment methods, only 
378 (71.5%) of the participants ever used either of the household water treatment methods. The most 
dominant type of water treatment methods used was disinfection (using chemicals like chlorine, aqua-
tabs and other locally manufactured water disinfectants or chlorine stock preparations), which was 
estimated to be 333 (61.0%) (Table 2). 
 
3.3 Sanitation and Hygiene Status 
 
Ninety-one percent of the households have at least one type of latrine. The commonest type of private 
latrine, which was available in the community, was a pit latrine with superstructure and estimated to 
be 407 (75.9%), followed by a pit latrine without superstructure, 114 (21.3%). The coverage of 
household toilet facility was higher as compared to the national coverage (which was 84% of urban 
town that has access to improved toilet facility). 
 
Almost all types of latrine (530) (98.9%) were found functional; moreover 425 (79.3%) of the latrines 
were clean during the time of visit. Three hundred nine (57.6%) of the latrines have attached to a 
hand washing facility in or around the latrine. Five hundred thirty-two (90.5%) of the families have a 
trend of washing their hand just after they visited a latrine. 
 
The very fascinating result from the community was concerning the hand washing. Hand washing 
facilities were almost available to all households. All families washed their hands after a toilet visit. 
Due to such good practice, the status of diarrheal disease was declining in the community from 
previous experience. 
 
Training on hygiene and sanitation practice has been given to 539 (91.7%) of the families. Those 
trainings were provided by different stakeholders; among training providers, about 493 (91.5%) and 
26 (4.8%) of the families were trained by health extension workers and Woreda health office health 
professional, respectively. 
 
Those households that had no private latrine estimated to be 44 (84.6%) used a communal latrine and 
none of the respondents reported using a public latrine. Mostly the latrine was cleaned by girls, 
estimated to be 371 (69.2%) and followed by mothers (212) (39.6%). The families had a habit of hand 
washing after toilet and 453 (85.2%) of the families used water and soap followed by water only (113) 
(21.2%) (Table 3). 
 

3.4 Water and Sanitation Related Disease Condition 
 
Diarrheal disease was one of the problems faced in the study area. There were 42 (7.1%) of the 
respondents that had complaints of any type of diarrheal disease in the last 2 weeks preceding the 
date of interview. Among these complaints, 19 (45.2%) of cases were children under five. Among the 
diarrheal diseases complaints, only 28 (4.8%) of the diseases were confirmed as waterborne 
diseases. 
 

3.5 Factors Associated with Water Sources 
 

As per the definition of WHO/UNICEF [19] of unimproved water source and improved water source 
put in the operational definitions, there were few factors that determine the status of the water sources 
in that community. Occupation of the head of the households, water source reliability status and 
frequency of fetching water from any type of water sources and the availability of information on water 
treatment were associated with the quality of water source within the community (Table 4). 
 

3.6 Factors Associated with Sanitation and Hygiene 
 

As per the definition of WHO/UNICEF [19] of unimproved water source and improved waters put in 
the operational definitions, educational status of the head of the households, their occupation, use of 
soap after toilet visit, presence of hand washing facility and access to wash training were associated 
with the sanitation and hygiene of the community (Table 5). 
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Table 2. Drinking water supply status of households of Wolaita Sodo town, 2013 
 

Variables* Respondents response Responses Percent of cases 
Number Percent 

Drinking water source (= 588) Improved 399 67.90% 67.90% 
Unimproved 189 32.10% 32.10% 

The main source of drinking water 

(=588)∗ 

Private protected well 85 12.30% 14.50% 
Private unprotected well 19 2.70% 3.20% 
Tap water within yard 263 38.00% 44.70% 
Tap water in community 235 33.90% 40.00% 
River water 58 8.40% 9.90% 
Others 33 4.80% 5.60% 

Total  693 100% 117.90% 
Drinking water storage materials (=588)∗ Plastic material 465 48.70% 79.10% 

Bucket 180 18.90% 30.60% 
Barrel 274 28.70% 46.60% 
Clay pot 33 3.50% 5.60% 
Others 2 0.20% 0.30% 

Total  954 100.00% 162.20% 
Type of cleansing materials for clean water 
containers? (= 586)∗ 

Water only 87 13.70% 14.80% 
Water with soup 495 78.10% 84.50% 
Water with ash and leaves 52 8.20% 8.90% 

Total  634 100.00% 108.20% 
Have you ever heard about water treatment 
methods? (= 588)∗ 

Yes 529 90% 90% 
No 59 10% 10% 

If you have ever used household water 
treatment methods, which methods do you use? 

(= 378)∗ 

Storage (sedimentation) 90 16.50% 23.80% 
Filtration (cloth) 23 4.20% 6.10% 
Sand filtration 4 0.70% 1.10% 
Disinfection (chemical) 333 61.00% 88.10% 
Boiling 91 16.70% 24.10% 
Others 5 0.90% 1.30% 

Total  546 100.00% 144.40% 
How reliable are the water sources? (= 575) Perennial 148 26% 26% 

Intermittent 427 74% 74% 
Do all the water storage containers have 
covers? (= 588) 

Yes 584 99% 99% 
No 4 0.7% 0.7% 

*Multiple responses type of questions 
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Table 3. Sanitation and hygiene facilities of households of Wolaita Sodo town, 2013 
 

Characteristics Variables Responses Percent of cases 
Number Percent 

Does your household have latrine? (= 588) Yes 536 91.2% 91.2% 
No 52 8.8% 8.8% 

If the household has private latrine, what type of latrine 
do you have? (= 536) 

Pit without super structure 114 21.3% 21.3% 
Pit with super structure 407 75.9% 75.9% 
VIPL 11 2.1% 2.1% 
Flash toilet 4 0.7% 0.7% 

Is there a hand washing facility in or around the latrine? 
(= 536) 

Yes 309 57.6% 57.6% 
No 227 42.4% 42.4% 

Does the family have washing hands after using toilet? 
(= 588) 

Yes 532 90.5% 90.5% 
No 56 9.5% 9.5% 

If the family have a habit of hand washing after toilet, 
what do they use to wash their hands? (= 532)∗ 

Water only 113 18.60% 21.20% 
Water and soap 453 74.60% 85.20% 
Water & ash 38 6.30% 7.10% 
Others 3 0.50% 0.60% 

Total  607 100.00% 114% 
If your family members ever received training on 
hygiene and sanitation practices, what sort of training 
was it? (=539)∗ 

Water handling 419 30.00% 77.70% 
Latrine construction 485 34.80% 90.00% 
On personal hygiene 484 34.70% 89.80% 
Other specifications 7 0.50% 1.30% 

Total  1395 100% 258.80% 
Has any of the family members ever received training 
on hygiene and sanitation practices? (= 588) 

Yes 539 91.70% 91.70% 
No 49 8.30% 8.30% 

∗Multiple responses type of questions 

 
Table 4. Determinant factors to use different water supply sources, in Wolaita Sodo town, 2013 

 

Questions Responses Improved water source Unimproved water source COR (95% CI) AOR (95% CI) 
Sex of the respondents Male 88 78 0.40 (0.27–0.58) 0.53 (0.22–1.22) 

Female 311 111 1.00 1.00 
Occupation of the respondents Business work 144 64 1.54 (0.92–2.60) 1.79 (0.85–3.79) 

Gov. employee 124 39 2.18 (1.24–3.82) 2.47 (1.08–5.63) 
Daily labor 56 41 0.93 (0.51–1.69) 1.09 (0.47–2.48) 
Unemployed 24 10 1.64 (0.70–3.86) 2.45 (0.76–7.95) 
Others 51 35 1.00 1.00 
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Questions Responses Improved water source Unimproved water source COR (95% CI) AOR (95% CI) 
Water source reliability Perennial 37 111 0.07 (0.04–0.11) 0.16 (0.08–0.31) 

Seasonal 353 74 1.00 1.00 
Water fetching frequency 
for domestic purposes 

Every day 98 130 0.18 (0.07–0.45) 0.17 (0.04–0.81) 
Twice a week 276 53 1.24 (0.48–3.19) 042 (0.09–1.97) 
Once a week 25 6 1.00 1.00 

Clean water storage containers Daily 70 62 1.97 (0.55–7.07) 4.35 (0.89–21.14) 
Twice a week 187 81 4.04 (1.15–14.18) 3.92 (0.84–18.15) 
Once a week 138 39 6.19 (1.72–22.24) 4.35 (0.93–20.25) 
Once a month 4 7 1.00 1.00 

Information on household water 
treatment methods 

No 23 36 0.26 (0.14–0.49) 0.26 (0.12–0.55) 
Yes 376 153 1 1.00 

Hand washing facility around 
latrine 

No 134 93 0.59 (0.67–0.76) 0.78 (0.48–1.26) 
Yes 226 83 1 1.00 

 
Table 5. Contributing factors to have latrine facilities in Wolaita Sodo town, 2013 

 
Questions Responses Latrine No latrine COR (95% CI) AOR (95% CI) 
Sex of the respondent Male 159 7 22.71 (10.65–48.42) 2.48 (0.97–6.32) 

Female 377 45 1.00 1.00 
Educational status of the head of the 
household 

Unable to read & write 133 11 12.091 (6.53–22.36) 8.58 (2.30–31.86) 
Grades 1–6 152 11 13.818 (7.49–25.48) 4.02 (1.28–12.56) 
Grades 7–12 123 19 6.474 (3.99–10.49) 1.48 (0.53–4.09) 

Occupation of head of the household Higher education 128 11 1.00 1.00 
Business work 194 14 13.857 (8.05–23.83) 3.08 (1.26–7.53) 
Gov. employee 146 17 8.588 (5.19–14.19) 1.28(0.48–3.33) 
Daily labor 95 2 47.5 (11.70–192.70) 21.71 (2.68–175.2) 
Unemployed 30 4 7.5 (2.64–21.28) 1.31 (0.35–4.84) 
Others 71 15 1.00 1.00 

Number of family members <5 families 161 16 10.062 (6.02–16.82) 1.1 (0.49–2.47) 
5 families 158 17 9.294 (5.63–15.32) 0.76 (0.35–1.65) 
>5 families 217 19 1.00 1.00 

Water source status Unimproved 176 13 13.538 (7.70–23.78) 1.22 (0.51–2.92) 
Improved 360 39 1.00 1.00 

Training on wash practices Yes 47 2 23.5 (5.70–96.74) 2.40 (0.55–14.75) 
No 489 50 1.00 1.00 
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3.7 Results In-depth Interview 
 
The discussion from key informants had generated supplementary evidence during the interview in 
the community and sometimes had paradox responses to the actual problem in the community. 

 
3.8 Water Supply 
 
Even though majority of the community consumes tap water, the other group of people used                
river water; unprotected hand dug well and surface water as well. Consuming unsafe water is 
considered to be a risk factor to health by the community, but sometimes there is no other option not 
to use this poor quality water. The responses from the key informants were a paradox; for example, 
one key informant replied “Generally, water supply system of the town was running in good pattern, 
which the water generating, storage system and water distribution system was working in a very 
coordinating way. The authority tests water quality for physical, chemical and microbiological 
parameter at regular interval of time.” The other key informant expressed the situation as “many 
people’s request that to have tap water in their yard and community, but this is very difficult to  
address all at a time. The only option we are doing is to increase their awareness how to treat water 
at home level and providing chemical disinfectant. Most peoples in the outskirt of the town never 
accessed to safe and adequate water supply, even the tap water supply is very intermittent or 
irregular supply.” 
 

3.9 Sanitation 
 
“Recently, the sanitation system of the town was improving but still much open defecation is observing 
everywhere” is the reply by one of the key informants. Most people used to urinate in the ditches and 
street flood canals instead of looking for toilets in their home. “The available public latrines were 
insufficient. Few were already collapsed and still looking for new construction. Adequate health 
information had been provided to a home-to-home, but sometimes people might not afford to 
construct latrine by their own.” Regarding solid waste disposal, it is very improved according                           
to the key informant that says “We mobilize and privatize the solid waste collection and disposal 
system to small scale enterprises. Each household are paying for the service. But still solid waste is a 
problem in the community, wastes are disposing openly and in to the nearby rivers and drainage 
ditches.” 
 
3.10 Hand Washing 
 
Hand washing was a good culture to all, but people were not consistent in using hand washing 
tradition as a tool to reduce diarrheal disease. Studies indicated that hand washing reduces              
diarrhea diseases significantly [20,21]. “To the community, the common practice of hand washing is 
before eating food. The reason for poor hand washing habit after a toilet visit could be lack of                
water, lack of hand washing facilities and poor awareness” as responded by the key informant. “We 
demonstrate how hand washing facility as it can be made using locally available materials, but they 
did not want to refill water frequently. Only few peoples use soap for hand washing facilities                  
during our visit to house-to-house”. Even though it is a low cost sanitation improving tool, there is still 
significant gap in utilization of hand washing facilities according to our observation during the visit 
time. 
 
4. DISCUSSION 
 
The study revealed that the overall water supply coverage of the town was reasonably inadequate in 
all sub cities of the town, but the physical access of improved water source to the community was 
67.9% which was lower than the EDHS 2005 report, 93.7% [17] and EDHS 2011 report, 94.5% [18], 
respectively. The possible explanation of the lower improved water supply status could be a problem 
of distribution infrastructure and supply system [15] and additionally the town is rapidly growing and 
the infrastructure and the rate of urbanization were incomparable. According to the study, among 
improved water source users, only 72% of the community used tap water, which was very low as 



 
 
 

Current Trends in Disease and Health Vol. 3 
Estimating Access to Drinking Water Supply, Sanitation and Hygiene Facilities in Wolaita Sodo Town, Southern Ethiopia, in 

Reference to National Coverage 
 

 
86 

 

compared to the national (Ethiopia) tap water users, which was 90% [17] but according to Joint 
Monitoring Report, Ethiopia’s water supply coverage has improved from year to year but the figures 
reported by the government were different from nongovernment organizations [22–24]. Above sixty 
percent of the respondents had used chemical disinfection for homemade water treatment. The study 
showed that there was a higher water treatment practice in the household level as compared to the 
Ethiopia Demographic Health Survey Report, 2005, at which only 8% of the households treat water at 
household prior to drinking [17]. 
 
The study showed that there were factors such as type of occupation of the households, water source 
availability and training taken regarding the water safety significantly associated with use of             
improved water sources. Occupation-ally, government employees were 2.47 times more likely to use 
improved water sources than other occupations (OR= 2.47, 95% CI: 1.08–5.63). Those individuals 
who had not taken training on household water treatment methods were 0.26 less likely to use 
improved water sources than who had taken the training (OR = 0.26, 95% CI; 0.12–0.55). This was 
evidenced with the study done in Burkina Faso that hygiene promotion reduces the childhood diarrhea 
[25]. 
 
Ninety-one percent of the households have at least one type of latrine which was higher than the 
EDHS 2011 report, 68% [18]. Despite the progress seen in Ethiopia, 28% practice open defecation 
[26]. The most common type of private latrine available to households was pit latrine with super-
structure which was estimated to be 407 (75.9%) followed by a pit without superstructure (114) 
(21.3%). The coverage of household toilet facility was higher as compared to the national               
coverage (at which 84% of urban town has access to improved toilet facility) [27] and better than 
Benin, which was 8.7% [28]. Educational status and occupation of the individuals were               
significantly associated with the presence of latrine facilities in their home. Those individuals who had 
educational status of grades 1–6 were 4.02 more likely to have latrine facilities than those whose 
educational status was higher education and above (OR = 4.02, 95% CI: 1.28– 12.56). Even though 
the variable is significantly associated, no evidence supports such an association elsewhere in the 
study. 
 
Those individuals who were businessmen in their occupation were 3.08 more likely to have latrine 
facilities in their house than individuals who have other occupations (OR: 3.08, 95% CI: 1.26–7.50). 
This could be explained due to the economic factor that businessmen are more able to afford costs 
incurred to construct latrine facilities than others. 
 
Almost all types of latrine (530) (98.9%) within the households were functional; moreover 425 (79.3%) 
of the latrines were clean during the time of visit. Three hundred nine (57.6%) of the latrines have 
attached to a hand washing facility in or around the latrine. Five hundred thirty-two (90.5%) of the 
family have a trend of washing their hand just after they visit a latrine. The result revealed that it was 
better coverage as compared to similar studies in the northern Ethiopia [29]. 
 

5. CONCLUSION 
 
The water coverage was too low to address the water demand of the rapidly urbanizing town. Even 
though the drinking water supply coverage was in line with the national figure, still there was a 
drinking water supply problem observed in the town. There was a significant gap in distribution of 
water supply infrastructure in the town. Even though the community used tap water as a primary 
source of water for any type of domestic purposes, they also used private well as an alternate source 
for most of the community. It was a good practice to use different cleansing material for cleaning 
purpose of water containers. Though most latrines were pit latrine with superstructure, almost all the 
households in the town have a latrine and more than half of them attached to hand washing facilities 
in or around the latrine. Very few households complain of diarrheal diseases within the last week, but 
almost nearly half of the affected segments of the community were children. Additional capital 
investments required to address the demand of the town population with water supply are required. 
The local water authority has to complete already begun projects within very short period of time. It 
was not possible for the government to address the demand of water supply; therefore public-private 
participation must be encouraged to maintain the water, sanitation and hygiene sector of the town and 
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new ways of financing for the sector should also be explored. The urban health extension programs 
have brought significant differences in water, sanitation and hygiene promotion in the country and this 
should be encouraged to be continued. 
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ABSTRACT 
 

Introduction: Culex quinquefasciatus is a mosquito of importance to public health, as it represents a 
potential risk for the transmission of pathogens to humans, such as some arthropod-borne viruses 
and nematodes that cause filariasis. In Brazil, three municipalities in Pernambuco (state of Northeast 
of Brazil) that are endemic for lymphatic filariasis conducted control actions targeting this vector. With 
the aim of contributing novel C. quinquefasciatus collection strategies, a sticky trap capable of 
collecting eggs and imprisoning mosquitoes was investigated.  
Methods: We adapted the oviposition BR-OVT trap to collect culicids eggs and adult C. 
quinquefasciatus and evaluated the performance of the sticky BR-OVT trap in two neighborhoods of 
Olinda-PE-Brazil (Caixa d’Água and Passarinho) between August 2011 and June 2012. Sixty traps 
were installed in the indoor areas of residences in the two districts.  
Results: During the 11-month study, more than 100 Culex egg rafts, 1,430 C. quinquefasciatus. 
Additionally, 363 Aedes mosquitoes were caught by sticky BR-OVT traps. In these collections, female 
specimens were predominated in the traps: 59% of C. quinquefasciatus and 96% of Aedes spp. 
Conclusions: The results demonstrated that the sticky BR-OVT trap is a useful tool for the collection 
of adult culicids of medical importance and offers an innovative way to collect C. quinquefasciatus 
eggs and adults in a single trap. 
 
Keywords: Egg collecting; entomological surveillance; mosquito control. 
 
1. INTRODUCTION 
 
Culex quinquefasciatus is a very important mosquito for public health in the world because is involved 
in the transmission of different pathogens such as Saint Louis encephalitis virus [1], West Nile virus 
[2-4] and Oropouche virus [5,6]. Recently, C. quinquefasciatus was incriminated as a potential vector 
of the Zika virus [7,8]. In Brazil, this mosquito is responsible to transmit worms that cause lymphatic 
filariasis Wuchereria bancrofti [9,10].  
 
Currently, it is estimated that around 40 million people have clinical manifestations of the lymphatic 
filariasis (LF) worldwide [11]. Until 2017, in the Americas, active transmission of the disease was 
observed in Guyana, the Dominican Republic, Haiti and Brazil. In these countries, about 12.6 million 
people are at risk of becoming infected [12]. In Brazil, Belém (PA-Brazil), Maceió (AL-Brazil) and 
Recife (PE-Brazil) were considered endemic areas for lymphatic filariasis. Since 1999, no new cases 
have been registered in Belém [13] and in Maceió, the LF transmission interruption certification was 
guaranteed in 2014 [14]. However, at Recife, Melo [15] and Araújo [16] detected through molecular 
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xenomonitoring the nematode circulation in two different neighborhoods of Recife, demonstrating the 
need to adopt new strategies to eliminate the disease.  
 
Intending to eradicate LF from the world, in 2000, the World Health Organization (WHO) launched the 
Global Programme to Eliminate Lymphatic Filariasis (GPELF), which provides for the distribution of 
antifilarial drugs to interrupt pathogen transmission [17]. And the use of this strategy has proven to be 
very efficient [18-21]. However, actions that provide vector control may be important to prolong the 
effect of maintaining low rates of microfilaremia in endemic areas for lymphatic filariasis [22-24]. 
 
In Brazil, the control of C. quinquefasciatus is determined based on local needs [25-27]. In the State 
of Pernambuco (Northeastern region of the country), the Cities of Recife, Olinda, and Jaboatão dos 
Guararapes have developed control actions since 2002 as part of the GPELF [25,26]. However, new 
cases of lymphatic filariasis in Recife (PE) have been reported [15] and no method is employed to 
evaluate control measures targeting this mosquito

 
[26]. 

 
The use of traps can contribute to both the monitoring and control of mosquitoes’ population densities 
[28-32] reducing consequently the contact of the pathogen with human. Among the traps described in 
the literature, some are used for the collection of eggs [33,34] and others are used to catch adult 
culicids assisting in the population monitoring and detection of circulating pathogens [35-50]. In this 
case, it is possible employ sticky traps that are cheap, easy to operate and which are based on the 
use of physical characteristics as a strategy to attract and imprison mosquitoes [41-50], like the sticky 
BR-OVT [49].  
 
The addition of a sticky edge to the BR-OVT oviposition trap, which was originally designed to collect 
eggs of the species C. quinquefasciatus [34], could give this trap a huge operational advantage, as it 
would combine the capacity to collect C. quinquefasciatus eggs and adults in a single device. Thus, 
the goal of the present study was to conduct a field evaluation of the sticky BR-OVT trap as a tool for 
monitoring the population density of culicids. In this chapter, we talked about what adaptations were 
made, allowing the sticky BR-OVT to be able to collect concomitantly eggs and adult mosquitoes C. 
quinquefasciatus and the performance of this trap in the field. 
 

3. METHODS 
 
The BR-OVT oviposition trap was originally developed for collecting C. quinquefasciatus eggs [34]. 
However, the presence of adult mosquitoes resting in the trap made us think in the possibility of 
adapting BR-OVT to capture concomitantly eggs and adult mosquitoes C. quinquefasciatus. So, we 
created the Sticky BR-OVT (Fig. 1) [49]. 
 
The adaptations of Sticky BR-OVT trap included: 1) increased capacity of the inner recipient to 4L; 2) 
addition of a sticky border on the recipient of the black polyethylene with a central opening (13 × 19 
cm) covered with a thin layer of Colly® entomological glue on the upper and lower surfaces. To know 
the potential of Sticky BR-OVT in the field, we used three traps in the study: Ovitrap [33], conventional 
BR-OVT [34] and Sticky BR-OVT. The traps were deployed with water and 1 g of biolarvicide 
containing Bacillus thuringiensis israelensis (Bti) (Vectobac® - CG formulation).  
 
The work was conducted in two neighborhoods in the city of Olinda, Pernambuco, Brazil, which is a 
city that has more than 392,000 inhabitants distributed in an area encompassing 41 km2 (IBGE; 2019) 
[51], between August 2011 to June 2012. The neighborhoods Caixa d’água and Passarinho have 
4,600 properties (residences, commercial points, and public institutions). Both are urban areas with no 
sewage network and have similar topographies, with flat and raised areas.  
 
Three experimental groups were formed to determine the capacity of the sticky BR-OVT trap (Fig. 2). 
In Experiment 1, one sticky BR-OVT trap was installed in indoor areas of 15 residences in both 
neighborhoods to evaluate the potential of this trap to collect C. quinquefasciatus adults and eggs. In 
Experiment 2, two traps (one sticky BR-OVT and one conventional BR-OVT) were installed on the 
ground level at a distance of 1.5 m from one another in the indoor areas of 15 residences in the 
neighborhood of Passarinho to determine the capacity of the sticky BR-OVT to collect Culex eggs in 
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comparison with the conventional BR-OVT trap. In Experiment 3, two traps (one sticky BR-OVT and 
one ovitrap) were installed at 15 residences in Caixa d’água to determine the potential of the 
proposed sticky trap regarding the detection of mosquitoes of the genus Aedes. Ovitraps are 
recognized as sensitive to the detection of this genus. The ovitraps were installed in the outdoor areas 
and the sticky BR-OVT traps were installed in indoor areas, maintaining the original strategy of 
installation for this type of trap. 
 

 
 

Fig. 1. Sticky BR-OVT trap, adapted from BR-OVT trap (conventional trap), to imprison eggs 
and adult mosquitoes 

 
 
 
 
 
 
 
 
 

 
 

 
 
 

Fig. 2. Flowchart of the experimental design of the study for evaluation of sticky BR-OVT in 
field 
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3. RESULTS AND DISCUSSION 
 
The potential to attract and catch different species of culicids that transmit arthropod-borne viruses 
and nematodes in different phases of their lifecycle (eggs and adults) could play an important role in 
the control of vectors, especially in Neotropical regions, such as the Metropolitan Region of Recife. 
The sticky BR-OVT trap demonstrated this potential by efficiently collecting Culex quinquefasciatus 
adults and eggs, as well as removing Aedes spp. from the environment.  
 
The data demonstrated that the sticky BR-OVT traps were capable of catching adults of the genera 
Culex and Aedes, as well as collecting C. quinquefasciatus egg rafts. The 60 sticky BR-OVT traps 
evaluated in the different experiments caught a total of 1,430 specimens of C. quinquefasciatus (59% 
were females) and 363 specimens of Aedes spp. (96% females). More than 350 egg rafts were also 
collected.  
 
When deployed individually the sticky BR-OVT traps caught 686 specimens of C. quinquefasciatus of 
which 170 in Passarinho and 517 in Caixa d’água. In these traps, 163 specimens of Aedes were also 
found: 46 in Passarinho and 117 in Caixa d’água. Demonstrating the potential of the trap to imprison 
larger number adult specimens of Culex, collecting males and females at analogous proportion (1:1). 
Similar findings are described in studies by Santos et al. [46] and Facchinelli et al. [43], who evaluated 
the Aedes Trap and a sticky trap, respectively. Although catching females is of considerable 
importance to public health, the capacity to attract and collect females and males equally is useful to 
the estimation of population densities [45]. 
 
Although the sticky BR-OVT trap was developed for C. quinquefasciatus, it also demonstrated the 
capacity to catch Aedes in the interior of homes at a similar rate to traps designed to catch species of 
this genus. One hundred two Aedes mosquitoes were collected in the 15 sticky traps deployed with an 
ovitrap at the same house evaluated in Caixa d’água and the positivity for the presence of Aedes spp. 
inside homes was 29.5%. The performance of sticky BR-OVT trap was similar rates described for 
another sticky ovitraps developed for the collect to Aedes spp., like AedesTrap [46] and the 
MosquiTRAP [44]. Additionally, we found some imprisoned females performing death-stress 
oviposition, which has been described by other authors [45,46], suggesting that the sticky BT-OVT 
can also be used for studies directed to behavioral observations. 
 
Besides catching adult mosquitoes, the sticky BR-OVT trap demonstrated the potential to collect C. 
quinquefasciatus egg rafts. However, the number of egg rafts collected by the sticky BR-OVT trap 
was lower than that found with the conventional BR-OVT trap. In both traps, were collected three 
hundred twenty egg rafts. More than one hundred egg rafts were collected using the sticky BR-OVT 
traps although the difference did not achieve statistical significance. This difference may be related to 
the capacity of the sticky trap to capture adult mosquitoes, including gravid females. Therefore, we 
recommend the sticky BR-OVT use not only for monitoring, but also as a part of control strategies 
targeting C. quinquefasciatus. Since its performance to collect eggs rafts was similar to the 
conventional BR-OVT and the presence of entomological glue did not influence the selection of the 
site for oviposition by Culex females. Contributing to the collection of eggs and adult mosquitoes in 
the same trap.  

 
The use of a simple trap could contribute to the monitoring and evaluation of the population densities 
of culicids and offers the advantage of being a passive collection tool, which, therefore does not rely 
on the capture skills of the operator. The sticky BR-OVT trap has the advantage of uniting the 
capacity to collect C. quinquefasciatus adults and eggs as well as Aedes spp. catching culicids of 
medical importance in a single device. Thus, the sticky BR-OVT trap has potential for use in 
surveillance programs targeting C. quinquefasciatus and A. aegypti concomitantly with another 
mosquito control strategies.  
 

4. CONCLUSION 
 
The transmission of pathogens carried by Culex quinquefasciatus and Aedes aegypti has been 
evident both in the world and in Brazil. What makes it essential to establish new methodologies that 
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can assist in the monitoring and control of vectors, reducing the contact of the insect, and 
consequently the pathogen, with human. In this study, we evaluated the performance of the sticky BR-
OVT and concluded that this trap has the capacity to collect eggs and adults C. quinquefasciatus and 
mosquitoes A. aegypti effectively. In addition, because of the operational gain of collecting individuals 
of both species in a single instrument, the sticky BR-OVT can be used in entomological surveillance 
actions, contributing to monitoring and control strategies for vector mosquitoes. 
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ABSTRACT 
 

Herbal medicine has gained a rapid growth in the past years, in the field of medicine worldwide. India 
is the greatest producer of medicines in the world as compared to other countries. The aim of the 
present study was to analyze and evaluate antibacterial activity of herbal plants against pathogenic 
bacteria isolated from diarrheal patients. The main focus of the paper was on varied advantageous 
characteristics of herbs as anti-diarrheal agents. In the study it is cleared that the medicinal plants 
play a vital role against diarrhea diseases. Various herbal plants and plants extract has a significant 
anti-diarrheal activity. Boerhaavia diffusa and Phyllanthus amarus were the main plants in research 
work against bacteria Staphylococcus, Pseudomonas and E. coli and out of which Phyllanthus 
amarus showed more zone of inhibition against Staphylococcus bacteria while both the plants showed 
similar results for Pseudomonas and E. coli.  
 
Keywords: Herbs; medicine; drug; diarrhea. 
 

1. INTRODUCTION 
 
Diarrhea is the condition of having three or more loose or liquid bowel movements per day [1]. The 
loss of fluids through diarrhea can cause dehydration and electrolyte disturbances such as potassium 
deficiency or other salt imbalances. The most common cause of this type of diarrhea is a cholera toxin 
that stimulates the secretion, especially anions of chloride ions. Shigella, Entamoeba histolytica, and 
Salmonella also cause diarrhea. Diarrhea is most commonly due to viral gastroenteritis with rotavirus, 
which accounts for 40% of cases in children under five [2]. Oral rehydration solutions (ORS) with 
modest amounts of salts and zinc tablets are used for treatment. In cases where ORS is not available, 
home-made solutions are often used [3]. There is a continuous and immediate need to discover new 
antimicrobial compounds with diverse chemical structures and novel mechanisms of action for new 
and re-emerging infectious diseases

 
[4]. Therefore, scientists are increasingly turning their attention to 

for medicine, looking for new leads to develop better drugs against microbial infections [5]. The 
increasing failures of chemotherapeutics and antibiotic resistance exhibited by pathogenic microbial 
infectious agents have led to the screening of several medicinal plants for their potential antimicrobial 
activity

 
[6]. The research showed that the herbal drugs possess anti-diarrheal activity to develop the 

future trials. Medicinal plants like Acacia nilotica, Acanthospermun hispidum, Gmelina arborea, Parkia 
biglobosa and Vitex doniana used in diarrheal treatment. Many Ayurvedic herbs such as Allium cepal 
(Piyaz), Debrege asiasaeneb (Sandorri), Justicia adhatoda (Bhasker), Pistacia integerima (Kanger), 
Rumex chalepensis (Hula), Bergenia ciliate, Punica granatum, Aegle marmelos (Bel), Azadira 
chtaindica (Neem), Fiscus glomerata (Gular) are used for treatment of diarrhea. The results from the 
present study would aid in further studies on isolation and characterization of these compounds. B. 
diffusa is used as an Ayurvedic medicine in India and Unani medicine in Arab countries for the 
treatment of diabetes, stress, dyspepsia, abdominal pain, inflammation, jaundice, enlargement of 
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spleen and congestive heart failure [7-10]. Phyllanthus amarus herb has found its traditional 
usefulness in several health problems such as diarrhea, dysentery, dropsy, jaundice, intermittent 
fevers, urinogenital disorders, scabies and wounds [11]. Therefore the herbal plants used for research 
were Boerhaavia diffusa, Phyllanthus amarus. 
              
2. MATERIALS AND METHODS 
 
2.1 Sample Collection 
 
Samples were collected from diarrhea patients in sterile containers from Puran hospital, civil hospital 
Paonta Sahib, Indresh medical hospital and C.M.I hospital Dehradoon. They were collected in form of 
sputum, saliva and Stool in containers. 1 ml of sample in 10 ml of nutrient broth was done aseptically 
and incubated at 37°C for 24 hours. Next day presence of turbidity in broth confirms presence of 
bacteria in the diarrheal samples. Isolation of bacterial species was done by spreading of turbid sample 
on nutrient agar plates and incubated at 37°C for 24 hrs. Next day apearance of white, creamy, mucoid 
colony is seen. These colonies were then taken loop full and streaked on various selective media- 
Blood agar, XLD, MSA, SM agar, EMB agar and Mac-Conkey agar and kept at 37°C for 24 hrs. Results 
were seen next day. They were identified on the basis of their colour & morphology. 

  
2.2 Preparation of Methanolic Extract 
 
In this, Boerhaavia diffusa and Phyllanthus amarus plant material was taken fresh and dried and 
powdered using a pestle and mortar. A quantity of 50 g of plant powder was extracted with 250 ml of 
95% methanol using soxhlet apparatus for 6 hrs at a varying temperature of 40- 60°C and then 
evaporated by using water bath.  
 
2.3 Preparation of Inoculums 
 
Using sterile loop well isolated colonies inoculated into MHB and incubated at 37°C for 4-6 hrs               
until turbidity appears. Medium used for antibacterial sensitivity testing should support                         
growth overnight growth of test organisms, Muller Hinton Agar medium was used for the test 
organisms.  

 
2.4 Determination of the Antimicrobial Activity 
 
The Mueller Hilton Agar was mixed well and poured in Petri-dishes. The MHA Plates were inoculated 
with 100 µl of target bacterial isolates using sterile cotton swabs. In total 6 spaced holes of 6 mm 
diameter were made in all the agar plate separately with a sterile cork borer. To assess the intrinsic 
extracts activity Methanolic extracts of each Boerhaavia diffusa and Phyllanthus amarus, one was 
control well filled with (100 μl) phosphate buffer saline. A concentration of 50 mg/ml of the extract was 
dispensed into each well. Plates were then incubated for 24 hrs at 37°C, and ZOI (zones of inhibition) 
were measured using a ruler in millimeters. 

     
3. RESULTS AND DISCUSSION  
 
All isolates have their own morphological characters. In the present a total 59 isolates were            
recovered from 27 samples of stool and Saliva collected from various hospitals of Paonta Sahib and 
nearby places. These 59 isolates were identified as Staphylococcus sp., Pseudomonas sp., 
Salmonella sp., E. coli. So, the prevalence of recovered isolates was (Staphylococcus-77.77%, 
Pseudomonas-62.96%, Salmonella-59.25%, E. coli-18.51%). Methanolic extract of Boerhaavia  
diffusa shows zone of inhibition 13 mm. against Staphylococcus, 14 mm against Pseudomonas, 13 
mm. against E. coli as shown in Fig. 1. Methanolic extract of Phyllanthus amarus shows                            
15 mm. against Staphylococcus, 14 mm. against Pseudomonas, 13 mm. Against E. coli. As shown on 
Fig. 2. 
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Fig. 1. Antimicrobial activity of (Zone of inhibition, mm) of various leaf extracts of Boerhaavia  
diffusa (B) against A- Control, B- Staphylococcus aureus, C- Pseudomonas aeruginosa  and  

D- E. coli and M- Diluted methanol 
 

Table 1. Antimicrobial activity of plant extract Boerhaavia diffusa showing zone of inhibition 13 
mm in Staphylococcus, 14 mm in Pseudomonas and 13 mm in E. coli, whereas Phyllanthus 
amarus showing 15 mm in Staphylococcus, 14 mm in Pseudomonas and 13 mm in E. coli 

 
 Plants used                                  Name of bacteria 

Zone of inhibition (in mm.) 
Staphylococcus Pseudomonas E. coli 

Boerhaavia diffusa 13 mm. 14 mm. 13 mm. 
Phyllanthus amarus 15 mm. 14 mm. 13 mm. 

 

3.1 Discussion 
 
Diarrhea, gastrointestinal disorder in particular remains a major concern in India resulting in high 
mortality rates when left untreated. Previous reports indicated that approximately 60-80% of the 
world’s inhabitant still depends on natural plant products for remedies for common illnesses [12]. This 
investigation was aimed at documenting herbal medicines in the treatment of diarrhea in India and other 
countries. The pathogenic bacteria were identified on the basis of morphological and biochemical 
characters of E. coli. In my study, antimicrobial activity of Herbal plants extracts is done by agar well 
diffusion method. Efficacy of the extract was determined by comparing the zone of inhibition around 
the well [13]. Studies have been carried out to test antibacterial activity of Boerhaavia diffusa

 
[14]. 
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Similarly Kumar et al. [15] have also reported antibacterial activity in the Seeds of Boerhaavia diffusa 
against Bacillus (zone diameter 3.30 mm/mg) Pseudomonas (Zone diameter 6.60 mm/mg) except 
Escherichia coli. Nair and Chanda [16] reported antibacterial activity of Boerhaavia diffusa leaves 
against Pseudomonas aeruginos, Aladesanmi et al. [17] also reported antibacterial activity of plant 
Boerhaavia diffusa against Bacillus subtilis (Inhibition zone 2.0 mm (40 mg/ml) and 6.0 mm ( 225 
mg/ml), Pseudomonas aeruginosa (inhibition zone 3 mm (225 mg/ml), Staphylococcus aureus 
(inhibition zone 1 mm, 1 mm, 2 mm, 4 mm / 10, 20, 40, 225 mg/ml respectively) except Escherichia 
coli. The use of Phyllanthus amarus as herbal medicine had been well reported because of its health 
enhancing properties that including antibacterial, antioxidants and anti-inflammatory, the plant had 
been referred to as “the wonder plant” [18]. Unlike most of the previous research work, this present 
study investigated the antibacterial effect of this plant on bacteria. In their study P. Saranraj and P. 
Sivasakthivelan [19] showed that methanol extract of Phyllanthus amarus showed highest inhibitory 
activity with zone of 19 mm Staphylococcus, 32 mm for E. coli and 27 mm for Pseudomonas. In my 
recent study methanolic extract of Boerhaavia diffusa showed zone of inhibition 13 mm against 
Staphylococcus, 14 mm against Pseudomonas, 13 mm against E. coli. Methanolic extract of 
Phyllanthus amarus shows 15 mm against Staphylococcus, 14 mm against Pseudomonas and 13 mm 
against E. coli.  

 

 
 

Fig. 2. Antimicrobial activity of (Zone of inhibition, mm) of various leaf extracts of  
Phyllanthus amarus (P) against A- Control, B- Staphylococcus aureus,  

C- Pseudomonas aeruginosa and D- E. coli and M- Diluted methanol 
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4. CONCLUSION 
 
Based on the results of the present study it is concluded that Phyllanthus amarus leaves have potent 
antibacterial activity against various bacteria i.e. E. coli, Staphylococcus and Pseudomonas which 
might be due to the phytochemicals present in the leaves. Also, there is further scope to study the 
identification and purification of active compound(s) involved in this antibacterial [20] activity of 
Phyllanthus amarus. 
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ABSTRACT 
 

Parasitic infections may be commonly found in global distribution in endemic areas. Parasitic 
infections are associated with a serum IgE response and peripheral eosinophilia. Strongyloides and 
Ascaris infections are examples of parasitic infections and pulmonary disease. The combined 
presence of parasitic infections and high immunoglobulin level E (IgE) levels can be found in isolation 
or as a clinical manifestation of certain immune defects.  
The Hyper-IgE syndromes (HIES) as a group of distinct primary immune disorders should be 
considered in the differential and treatment of parasitic disease. The aim of this study was to highlight 
the importance of recognizing underlying immune defects in the clinical setting of parasitic infection, 
including HIES. 
 
Keywords: HIES; Giardia; job's syndrome. 
 

1. INTRODUCTION 
 
Hyper IgE syndromes are characterized by immune defects leading to recurrent infections and 
abscesses, based on diminished immune and inflammatory responses. Patients with the Autosomal 
Dominant form of HIES have heterogeneous mutations in the Signal Transducer and Activator of 
Transcription factor 3 (STAT 3) gene. The defects result in T helper cell population 17 (Th-17) related, 
impairment of host defenses against Giardia spp. and against other infections including 
Staphylococcus species [1].  
 
Other mutational defects associated with Hyper-IgE include those in DOCK 8 (Dedicator of 
cytokinesis 8) and PGM3 (Phosphoglucomutase 3). Hyper-IgE responses are important in host 
defense against parasitic infections, but these infections may be related to underlying immune defects 
[2].  
 
Specifically, the presence of STAT 3 mutations which lead to dysregulation of IgE production, and are 
associated with clinical features such as atopic dermatitis and recurrent lung infections, should be 
considered in the presence of parasitic Giardia spp. infection of the gastrointestinal tract. 
 

2. CLINICAL CONSIDERATIONS 
 
In the evaluation of patients with parasitic disease, the anticipated elevation of serum IgE in the 
presence of certain features may lead to the diagnosis of an underlying primary immune defect. The 
infections caused by a variety of fungi and Staphylococcus bacteria, leading to skin and lung 
abscesses can be important in recognition of the diagnosis. The gastrointestinal disease is variable 
among these patients, but may be associated with eosinophilia. Thus, physical examination and 
pattern of microbiologic signatures are useful in identifying those patients with parasitic disease who 
may have an underlying primary immune defect. 
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3. GIARDIA INFECTION AND HOST DEFENSE 
 
Giardia spp. is a protozoan parasite that causes the disease giardiasis. Clinical symptoms of 
abdominal pain and watery diarrhea are common. Immune responses involve CD 4 T cells that 
stimulate the production of antibodies by B cells. B cell independent CD 4 regulated responses 
include the IL-17 pathway [3]. The recognition of the role of the Th-17 mediated immune response to 
the infection is important clinically, since patients with IL-17 pathway defects may present with 
protracted gastrointestinal infections. 
 
Autosomal Dominant (AD)-HIES is associated with gastrointestinal and multi-system disease 
manifestations. Among these are the presence of a prominent forehead, retention of primary teeth 
and scoliosis. The gastrointestinal disorders associated with AD-HIES include GI lymphoma, 
dysmotility, and eosinophilic esophagitis. The patients afflicted with this disease, are more prone to 
Salmonella and Giardia spp. infections [2]. 
 
In the evaluation of a patient with Giardia spp. an immune defect in the production of IL-17 can be 
considered in the context of the patient’s history, physical examination findings and patterns of prior 
infections. 
 

4. LABORATORY FINDINGS AND IMMUNE PROFILING 
 
One of the hallmark laboratory results for patients with AD-HIES is an extremely elevated serum IgE 
level. The differential diagnosis of this finding includes parasitic disease and allergic pulmonary 
broncho-aspergillosis (ABPA). The serum IgE in childhood is typically greater than 2000 IU/ml. The 
serum levels of IgA, IgM and IgG are normal, and specific antibody responses may be lower or 
normal. Cellular profiles may include neutropenia [2].  
 
Lymphocyte profiling reveals low memory B and T cells. Further analysis reflects a defect in the IL-17 
responses with very low numbers of IL-17 producing Th-17 cells. STAT 3 is a key transducer protein 
for many cytokines, including IL-17. STAT 3 is required for the differentiation of naïve T cells into Th-
17 cells. Th-17 responses have been found to be aberrant even among HIES patients without STAT 3 
mutations [3,4].  
 
Primary immune defects in general, may have susceptibility to infection with protozoan Giardia spp., 
and in one study of 115 primary immunodeficiency -related hospital admissions, over a 14 year time 
period, there were 23 cases of gastroenteritis [5]. The most common cause was related to Giardia 
spp. infection. Parasitic disease may cause atypical and severe infections among patients with 
primary immune defects.   
 
Common variable immunodeficiency or CVID is characterized by impaired B-cell differentiation, and is 
associated with defective production of immunoglobulins. In addition, CVID patients have variable T 
cell defects such as deficient T helper cell function. The prevalence of diarrhea among patients with 
combined variable immunodeficiency (CVID) varies. In one retrospective study of 37 CVID patients, 
there were 23 patients with diarrhea. Giardia spp. was the causative agent in 53.8% of these cases 
[6]. In a French study of the DEFI group, 252 patients with CVID were studied. Among these patients, 
118 had a report of chronic diarrhea. Giardia spp. was the most common cause identified, and 
occurred among 35 patients. While respiratory tract infections are the most common, and 240 patients 
in this cohort experienced respiratory difficulty, the presence of a protozoal gastrointestinal infection 
may signify T cell impairment [7].  
 
STAT3 signaling responses to parasitic infections may be strain specific. Based on murine models, 
Toxoplasma strain type I induces a rapid sustained STAT3 activation which is associated with low 
level IL-12 production but type II fails to sustain STAT3 activation [8]. 
 
Based on clinical studies, patients with hypomorphic mutations in STAT3 have impaired Th17 
differentiation which may be partially overcome in vitro via PD-L1 inhibition. PD-L1 is a future potential 
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therapeutic target in several immune diseases and may help to mitigate the presentation of infection 
[9]. 
 

5. CONCLUSIONS 
 
The Hyper-IgE syndromes comprise a group of primary immune defects with distinct genetic 
mutational defects. Patients may be prone to parasitic disease based on defects affecting the IL-17 
pathway. Upon presentation of patients with parasitic disease, particularly in non-endemic areas, 
evaluation for HIES may be indicated. Further studies can be conducted to elucidate the immune 
mechanism of gastrointestinal parasitic disease among these patients.  
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ABSTRACT 
 

Background: Bite mark analysis is an imperative area of forensic odontology and considered the 
commonest form of dental evidence presented in the criminal court. The process of comparing bite 
marks with a suspect’s dentition includes analysis and measurement of shape, size and position of an 
individual’s teeth. The present study was aimed to evaluate the bite marks of males and females 
using a novel indirect computer assisted method and explicate its application in forensic odontology. 
Materials and Methods: 60 subjects (30 males and 30 females) with normal occlusion were included 
in the present study. Bite registrations were obtained with help of modelling waxes and positive replica 
prepared with dental stone and barium powder. Intra oral periapical radiographs were taken for the 
same. The radiographs obtained were scanned and analyzed by measuring tools using Sidex is next 
generation software. Intercanine distance (ICD), line AB, angle ABX and angle ABY were measured. 
Kruskal-Wallis test was performed to compare the bite marks of males and females. 
Results: The mean ICD of males and females was found to be 32.95 mm and 29.84 mm respectively 
and statistically highly significant with a p value < 0.001. The mean ICD, line AB and angle ABX were 
found to be higher in males when compared to females. 
Conclusion: Analysis of bite marks using this novel computer assisted method is a simple, reliable, 
easily reproducible and economical technique with confidentiality of identity of the participants 
involved. 
 
Keywords: Canine; forensic; identification. 
 

1. INTRODUCTION 
 
Odontologic evidence is the third most precise method of identification to fingerprints and DNA 
analysis in forensic sciences. “The criminal may lie through his teeth though teeth themselves cannot 
lie” is rightly said by Furness. Anything diverse, such as discrepancy from normality, becomes an 
important tool when trying to establish an identity of a suspect [1,2].

 

 

Bite Mark is ‘‘a mark made by the teeth either alone or in combination with other mouth parts” [3]. Mac 
Donald defined bite mark as “a representative pattern left in an object or tissue by the dental 
structures, either alone or in combination with other oral structures of an animal or human” [4]. 
According to the Old Testament, Adam was convinced by Eve to place ‘bite marks’ in apple. The first 
bite mark case in Colonial America occurred during the Salem Witch Trials in 1692, where Rev. 
George Burroughs was convicted and hanged for witchcraft, including biting his victims. The 
contemporary history of bite marks is contemplated to have started with Sorup [3]. 
 
Bite marks analysis is based on the principle that ‘no two mouths are alike’. According to Pretty and 
Turnbull, the central doctrine of bite mark analysis is based on two assumptions, firstly that human 
teeth are unique and secondly that sufficient detail of the uniqueness is rendered during the biting 
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process to facilitate identification [5,6]. Distinctiveness and uniqueness of human dentition allows the 
forensic odontologists to achieve a strong judgment in cases of personal identification and bite mark 
analysis. Bite marks may unveil individual tooth marks, may present as a double arched pattern, or 
even a multiple overlying bruise. Bite marks can be deformed due to flexibility and elasticity of skin. 
The amount of pressure given during bite, body position and the angle of the maxilla and mandible 
during bite can alter the manifestation of a bite mark [7,8]. 
 
Human bite marks are found when teeth are used as weapons of anger, excitement, control or 
destruction. The impression can be left on skin, chewing gum, pencils or pens and also found on 
musical instruments, cigarettes, food material such as cheese, fruit, potato, chocolate etc. These are 
encountered in cases of crimes especially homicides, quarrels, abduction, child abuse, sexual 
assaults, during sports events and sometimes intentionally inflicted to frame someone fallaciously 
[8,9]. The terms commonly used in bite mark analysis are victim –the recipient of the bite mark and 
perpetrator – the person who caused the bite mark [4]. While bite marks on the body are intentionally 
caused, those found on food articles are usually imperceptibly left by the offenders at the scene of 
crime. So as to recognize the offender, the dental casts of suspected persons are prepared using 
dental material and matched. Bite marks if analyzed properly can prove the involvement of a particular 
person or persons in a meticulous crime [9]. West et al. (1987) felt that bite marks on human skin can 
be experimentally created to a level that permits comparison to bites delivered in combative or life 
threatening situations, and more research is needed using living subjects to explore a variety of 
experimental situations [5]. One of the most remarkable, difficult and sometimes troublesome 
challenges in forensic dentistry is the identification, recovery and analysis of the bite marks with the 
suspected biters [9]. 
 
Various methods of bite mark analysis are present such as impression making from bitten substances 
by dental stone and hand tracing from dental study casts, photography method, photocopying and 
computer assisted overlay generation method [10]. Previous studies suggest that computer generated 
overlays provided the most accurate and reproducible exemplars [11]. One of the parameters of the 
investigation is the measurements of the intercanine distance (ICD), as the impressions of the anterior 
teeth are usually the most evident and likely to be measurable [9]. With the above background, the 
present study was aimed to analyze and compare the bite marks of males and females via a novel 
indirect computer assisted method using ICD and elucidate its application in forensic odontology. 
 

2. MATERIALS AND METHODS 
 
The present study was carried out in the department of Oral Medicine and Radiology at Haldia 
Institute of Dental Sciences and Research, Haldia, India after the protocol had been approved by the 
institutional ethical committee. 60 subjects (30 males and 30 females) of age group 20-40 years of 
same race and ethnicity on voluntarily basis (convenient sampling) were selected for the present 
study. Subjects with normal occlusion and presence of both maxillary canines were included. Patients 
with occlusal disharmony, previous/ current orthodontic treatment, restorative procedures in maxillary 
canines, developmental anamoly of canines, history of trauma or lesion associated, extreme age 
groups were considered in the exclusion criteria. The importance and need of the study was explained 
to all the subjects and informed consent obtained for the same. 
 
Firstly, the subjects were asked to gently bite on a sheet of modelling wax and bite registrations 
recorded. The positive replicas of the bite marks were then prepared with the help of barium powder 
(to increase the radiodensity) and dental stone. Intra oral periapical radiographs were taken for the 
dental casts obtained. Further, the radiographs were scanned and the images analyzed using 
computed assisted method. 
 
With help of Sidexis next generation software, the following parameters were measured. Intercanine 
distance (ICD), a perpendicular line drawn from midpoint of upper central incisors to the intercanine 
line (line AB), two lines (X and Y) drawn from both the distal aspect of central incisors to midpoint of 
line AB forming an angle ABX and angle ABY respectively were measured (Fig. 1). All the 
measurements obtained were recorded in a proforma specially designed for the study. The results 
obtained were subjected to statistical analysis using SPSS version 16.01 (statistical package for 
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social sciences) software. Kruskal-Wallis test was used to compare the bite marks of males and 
females. P value <0.01 was considered significant. 

 

 
 

Fig. 1. Measurement of ICD, line AB, angle ABY and ABX radiographically using Sidexis next 
generation software 

 

3. RESULTS 
 
60 subjects (30 males and 30 females) with a mean age of 28.92 years were selected for the study. 
The mean ICD of males and females was found to be 32.96 mm and 29.84 mm respectively with a 
mean difference of 3.11 mm and statistically highly significant p value < 0.001. The mean values of 
line AB in males was 9.30 mm and females was 8.63 mm with a mean difference of 0.67 which was 
statistically insignificant with p value of 0.09. The mean differences of angle ABY and angle ABX in 
males and females were 0.25 and 0.24 respectively which was also statistically insignificant (p value – 
0.81, 0.83 respectively). The mean ICD, line AB and angle ABX were found to be higher in males 
when compared to females (Table 1). 
 
Table 1. Mean values and mean differences of ICD, line AB, angle ABY and ABX in males and 

females 
 

Parameters Mean of males 
(M) & females (F) 

Mean 
difference 

Standard 
deviation 

t-value P value 

Inter canine 
distance (mm) 

M - 32.96 
F - 29.84 

3.11 
 

0.58 5.38 < 0.001 

Line AB (mm) M - 9.30 
F - 8.63 

0.67 
 

0.39 1.70 0.09 
 

Angle ABY M - 47.49 
F - 47.25 

0.25 
 

1.03 0.24 0.81 
 

Angle  ABX M - 46.02 
F - 45.87 

0.24 
 

1.13 0.21 0.83 
 

 

4. DISCUSSION 
 

Bite marks are inimitable due to miscellany of the craniofacial parameters. It has been established as 
an efficient tool in identifying criminals involved particularly in abduction, child abuse, homicide and 
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sexual assaults. This analysis is by far the most demanding and complicated part of forensic 
odontology. Bite mark assessment should be carried out as earlier as possible, as the key features 
fades with time [10,11]. 
 
Typically, a human bite mark comprises of two opposing U-shaped arches separated by open spaces. 
A hematoma may occupy the centre space of the bite mark, caused by soft tissue compression during 
biting action [8]. These marks are usually caused by the incisors, canine and premolars. If the 
executor has dentures, supplementary marks can be present, depending on the use of removable or 
fixed prosthesis [12]. Canine marks in a bite are the most prominent and the normal distance between 
maxillary canines is 25 – 40 mm [13]. In the present study, incisors and canines were chosen as the 
guide for establishing a correlation with human bite marks and canine marks were found to be more 
obvious. ICD proved to be an important parameter in the present study along with line AB and angle 
ABX for determining bite marks. 
 
The appearance of the bite mark is prejudiced by multiple factors such as site and nature of the bite 
mark, amount of force/ pressure used and finally whether the victim was living or dead at the time of 
crime [13,14]. The shape of the dental arch, intercanine distance, bucco-lingual version and mesial or 
distal drifting of teeth, spacing between teeth, rotation of teeth, curves of biting edges, missing teeth, 
developmental defects, restorations and wear patterns also serve as various predisposing factors. 
These characteristics contributes to the uniqueness of each tooth making it different from the other 
[15,16]. All these factors such as malalignment, developmental defects and restored teeth were 
considered in the exclusion criteria in the present study. 
 
Factors affecting the accuracy of bite mark analysis are the amount of biting pressure, proper 
impression technique and generation of dental casts, quality and angulations of radiographs taken. 
Uniqueness is replicated on the bitten substrate in sufficient detail to enable a match to the individual 
under suspicion [8,17]. Daniel MJ et al. analyzed the bite marks using cheese, apple and chocolate 
and found that the accuracy was greater for chocolate and cheese [1]. Patil S, et al. and Kashyap B et 
al. recorded and determined bite marks using modelling wax which was also used in the present study 
[9,13]. Sansare K and Karjodkar FR assessed bite marks on various common foodstuffs (chocolate, 
apple, chewing gum, cheese) for different time intervals using cone beam computed tomography 
(CBCT) to evaluate the dimensional changes in the foodstuffs. The highest accuracy was observed in 
chocolate followed by cheese, chewing gum and apple. This CBCT-assisted analysis of bite marks 
was proved to be a non-destructive, accurate and efficient method [18]. 
 
Literature reveals various methods for bite marks analysis such as manual, radiographic and 
computed assisted by different authors. Van der Velden A et al. , Patil S et al., Rathode P et al., 
Osman NA et al., Gopal KS and Anusha AV used indirect methods for bite marks analysis and proved 
that computed assisted methods was preferably better [6,7,8,12,13]. Kashyap B et al. in 2015 also 
used indirect digital imaging and compared the bite mark pattern and intercanine distance between 
humans and dogs [9]. The present study introduced a novel computer assisted method for bite marks 
analysis wherein the bite marks were registered using modelling wax sheets, radiographs taken of the 
positive replica and further various parameters were assessed such as ICD, Line AB, Angle ABY and 
ABX using Sidexis next generation software. 
 
Reinprecht S, et al. suggested any maxillary intercanine distance >24.1 mm and <43.0 mm 
represented a human bite mark. This made a meaningful scientific contribution to the presentation of 
bite mark evidence in high cases of crime in South Africa [19]. The mean ICD was found to be 32.96 
mm in males and 29.84 mm in females. Difference in mean ICDs among males and females was 
found to be highly significant. The variability of the ICD measurements found in both males and 
females had similar values, but on average measurements for males were greater. Although mean 
values of line AB, angle ABY and ABX were insignificant, mean of line AB and angle ABX were higher 
in males. In contrary, Tarvadi P et al. evaluated that ICD as a parameter is an unreliable method for 
bite marks analysis [20]. 
 
Although a novel computer assisted method was introduced for bite marks analysis in the present 
study, further studies should be carried out with a larger sample size in an attempt to clarify the origin 
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and differentiation of biting injuries. Skilled expertise also has an influence on results but still this 
method has a high level of reliability. 
 

5. CONCLUSION 
 
Assessment of bite marks evidences made on humans requires additional investigation with 
development of sophisticated software with superior specificity as a tool to aid in justice. Advanced 
methods like DNA analysis give more precise results but is least followed due to its non-practicability 
and cost efficiency. Comparatively, the present novel indirect computer assisted method for bite 
marks analysis is simple, reliable, easily reproducible, economical and less time consuming with 
confidentiality of identity and no risk to the participants. It is strongly recommended to discontinue 
hand tracing methods which depend on subjective input by forensic odontologists and use computer 
assisted methods which have comparatively higher reliability and accuracy. Bite mark analysis alone 
should not be allowed to lead to a guilty verdict, although it offers the opportunity to exclude a suspect 
from a crime when the data do not correspond. 
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ABSTRACT 
 

The neutralization or mopping up of reactive species produced during oxidative stress is achieved by 
synergistic actions of endogenous and exogenous antioxidants, including antioxidant vitamins. The 
sources, functions and effects of toxic and deficiency levels of these antioxidant vitamins are reviewed 
using information obtained from research articles, textbooks, monographs and internet platforms. 
Findings show that these antioxidants are commonly available in our daily meals and are therefore 
easily obtained if adequate diets are taken. However, some disease conditions can cause their 
deficiencies, while reduced or excessive (especially through supplementations) intake can produce 
disease states. It is suggested that assessment of these antioxidant vitamins be individualized, 
especially in critical situations like pregnancy. 
 
Keywords: Antioxidant vitamins; oxidative damage; supplementations. 
 

1. INTRODUCTION 
 
Antioxidants are substances that are capable of reducing or neutralizing the effects of reactive 
species (oxidants) – reactive oxygen species (ROS), reactive nitrogen species (RNS) and reactive 
chloride species (RCS). These substances include, among others, micronutrients like some vitamins 
(A, C and E) and trace elements, some metallo-enzymes like superoxide dismutase (SOD) and 
glutathione peroxidase, as well as phytochemicals like carnitine, carnosine and polyphenols. 
Antioxidant micronutrients have been found to improve immune functions in many animals including 
human beings [1]. Their modes of action include, among others:  
 

1. Donation of electrons to free radicals thus converting them to harmless molecules,  
2. Binding directly with the oxidants thereby decreasing or neutralizing their destructive power,  
3. Breaking or intercepting the chain reactions involved in cell damage,  
4. Mopping up oxidants before they can cause damage,  
5. Stimulating production of other antioxidants, particularly the enzyme antioxidants, that 

subsequently join the fight against the actions of the oxidants.  
6. Neutralizing free radicals by becoming free radicals themselves (like vitamins E and C, as 

well as Co-enzyme Q10,), but which are less harmful than the ones they neutralize [1,2]. 
 
Antioxidants can be obtained endogenously and exogenously. The endogenous antioxidants are 
synthesized inside the cells and include enzymes like superoxide dismutase (SOD) and some small 
molecules like glutathione, uric acid, coenzyme Q10, lipoic acid and some hormones like estrogen and 
dihydoepiandesterone (DHEA). The essential exogenous antioxidant micronutrients include vitamins 
A, C and E, as well as trace elements like zinc, copper, magnesium, manganese and selenium. These 
micronutrients are usually obtained from diets especially fruits, leafy vegetables and grains. Defense 
against oxidative stress is primarily dependent upon an orchestrated synergism between several of 
these endogenous and exogenous antioxidants [3]. Hence, it is widely believed that diet-driven 
antioxidants play significant role in the prevention of human diseases and that deficiencies may 
prejudice fetal and childhood development [4], as well as impair many metabolic processes in adults. 
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Vitamins are micronutrient compounds that are essential for the maintenance of normal metabolic 
functions of the body in humans and other vertebrates. Most of these compounds are not usually 
synthesized by these animals and therefore must be obtained exogenously, mostly through food. 
When a healthy individual takes a well balanced diet, there is usually adequate supply of these 
vitamins from the diet. When ingested food materials are defective in quality at a long or short term, 
some individuals may lack one or more of these vitamins. Such situations are frequently encountered 
in pregnancy, especially those from low socio-economic background who cannot consume enough 
balanced food or those with complications like malaria parasitemia, helminthiasis and HIV infection. 
This calls for therapeutic administration of industrially prepared vitamins (vitamin supplements) to 
provide for the deficient one(s). Chemical and solubility characteristics help to classify vitamins into 
two broad classes – those that are readily soluble in non-polar or lipid solvents called fat-soluble 
vitamins (vitamins A, D, E and K) and those readily soluble in polar solvents called water-soluble 
vitamins (vitamin B complex and vitamin C). Out of these, those known to have antioxidant properties 
are vitamins A, C and E, incidentally cutting across the two classes. There has been a recent 
resurgence of studies on vitamin supplements for pregnant mothers, aimed at not only reducing intra-
uterine, fetal and neonatal infections, but also pregnancy complications such as pre-eclampsia 
(pregnancy-induced hypertension), premature membrane rupture and preterm birth [5-7]. 
 

2. VITAMIN A 
 
Vitamin A is a generic term for a large number of closely related compounds. It is a poly-isoprenoid 
fat-soluble compound which also serves as precursor for the synthesis of some hormones. Vitamin A 
is derived from plant pigment – carotene, also called provitamin. The active vitamin A exists in two 
major forms – retinol (vitamin A1) which is a primary alcohol present in esterified form in tissues of 
animals and salt-water fishes, and 3-dehydroretinol (vitamin A2) obtained from the tissues of fresh 
water fishes [8]. The later, 3-dehydroretinol, usually occurs mixed with the former (retinol), hence, 
vitamin A is generally referred to as retinol. Vitamin A is derived from many sources including animal 
products, vegetables and yellow-pigmented plant products. The animal products include fish liver oil, 
liver, eggs, white milk and butter, while the yellow pigmented products include carrots, sweet potatoes 
and other yellow vegetables that contain -carotene [9]. About 90% of retinol is stored in the liver 
while the rest are in other tissues such as the retina and lung. Retinol has two other oxidation 
products – retinal and retinoic acid (the form of vitamin A known to affect gene transcription). The 
three, and other related compounds, are jointly referred to as retinoids [10]. They differ by mere 
structural modifications that usually occur without loss of activity. Retinoic acid, also known as vitamin 
A acid, is the retinol in which the alcohol group has been oxidized. It has some but not all actions of 
retinol. For instance, retinoic acid is very useful in promoting growth in vitamin A-deficient animals but 
not effective in restoring visual and reproductive functions where retinal has proved effective. 
 

 
 

Fig. 1. Structures of different retinoids 
Source: en.wikipedia.org 
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2.1 Functions 
 
Major functions of vitamin A are ascribed to its three major forms and these functions are mediated 
through the binding of retinoic acid to specific nuclear receptors that regulate genomic expression 
[11]. Vitamin A plays a very important role in the proper functioning of the retina because retinal – the 
first oxidation product of retinol, is a precursor of the visual pigment – rhodopsin. Inadequate retinol 
available to the retina results in impaired dark adaptation called night blindness [10]. Vitamin A is also 
essential for the integrity of epithelial cells. It is required for growth, especially bone, and also has 
stabilizing effect on various membranes as well as acting to regulate the permeability of membranes. 
Retinoic acid and its isomers act as hormones to affect gene expression and transcription, thereby 
influencing numerous physiological processes including rate of growth and cellular differentiation [12]. 
Vitamin A is also involved in reproduction and embryonic development. The reproductive function of 
the retinoids depends on the retinol acting as a steroid hormone. Vitamin A is commonly known as the 
anti-infective vitamin because it is required for normal functioning of the immune system and 
maintenance of the integrity and functions of the skin and mucosal cells – the body’s first line defense 
against infection [10]. It can also act as a cofactor in some biochemical reactions like cholesterol 
synthesis and hepatic microsomal demethylation and hydroxylation of drugs; hence vitamin A 
deficiency may have profound negative effects on some enzymes activities, especially those involved 
in drug metabolism. During fetal development, retinoic acid helps in limb development and formation 
of the heart, eyes and ears; hence both excess and deficiency of vitamin A are known to cause birth 
defects [13]. In red blood formation, stem cells depend on retinoids for normal differentiation. In 
addition, vitamin A appears to facilitate the mobilization of iron from storage to the developing red 
blood cells for incorporation into haemoglobin [14]. Some of these actions may be attributable to its 
antioxidant properties. Moreover, carotenoids, which are rich sources of vitamin A, are known to trap 
reactive oxygen species from sunlight, break the free radical chain reaction and prevent oxidative 
damage in the same fashion as vitamin E, and also consume peroxyl radicals in their conjugated 
double bonds [15]. 
 
2.2 Deficiency 
 
In animal models, vitamin A deficiency has been associated with reduced fetal survival and reversible 
squamous metaplasia of the respiratory tract epithelium [16]. There is not yet confirmed patterned 
association between vitamin A level and gestation in human [17]. Many trials of vitamin A 
supplementation [18] did not show pronounced effects on neonatal mortality, or mortality in the first 6 
months of life while some [19] discovered some trends. In children from developing countries, vitamin 
A deficiency is a leading cause of impaired dark adaptation and blindness [20], the earliest evidence 
of vitamin A deficiency in general population. Mild deficiency results to changes in the conjunctiva 
called Bitot spots while severe or prolonged deficiency causes xeropthalmia, characterized by 
changes in the cells of the cornea which ultimately lead to corneal ulcer, scaring and blindness. 
Vitamin A deficiency is strongly associated with depressed immune function and higher morbidity and 
mortality due to infectious diseases such as diarrhea, measles, and respiratory infections and often 
associated with an increased mother-to-child transmission of HIV-1 [11]. Hence, even children who 
are mildly deficient have a higher incidence of respiratory disease and diarrhea, as well as a higher 
rate of mortality from infectious diseases compared to non-deficient children. 
 

2.3 Toxicity 
 
The condition caused by vitamin A toxicity is called hypervitaminosis A. It is caused by over 
consumption of preformed vitamin A, not carotenoids. Preformed vitamin A is rapidly absorbed and 
slowly cleared from the body. Therefore, toxicity from preformed vitamin A may result acutely from 
high-dose exposure over a short period of time or chronically from a much lower intake [10]. Acute 
vitamin A toxicity is relatively rare, but when it occurs, symptoms include nausea, headache, fatigue, 
loss of appetite, dizziness, dry skin, desquamation and cerebral edema. In severe cases, there may 
be liver damage, hemorrhage and coma. In infants, toxicity may lead to bulging fontanels. These 
symptoms are usually experienced when long-term consumption is in excess of ten times or more of 
the recommended daily allowance (RDA). However, it is necessary to study whether some sub-
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population may be sensitive to sub-clinical toxicity [21]. Though retinoids are used at pharmacological 
doses to treat several disease conditions like retinitis pigmentosa, acute promyelocytic leukemia and 
various skin diseases, it is important to note that treatment with high doses of natural or synthetic 
retinoids overrides the body’s own control mechanisms, causing some potential side effects and 
toxicities like birth defects [10]. 
 

3. VITAMIN C 
 
Vitamin C, also known as ascorbic acid, is highly soluble in water and sparingly soluble in organic 
solvent [9]. It is a reducing agent and the only water-soluble vitamin that has antioxidant activity. It is 
reversibly oxidizable in the body to another form known as dehydroascorbic acid [22] and both are 
found in related amount in the body. The best sources of vitamin C include citrus fruits (oranges, 
lemon, mangoes etc), berries, melons, tomatoes, green pepper, raw cabbages and leafy vegetables 
[23]. In man, vitamin C is not synthesized in vivo because of lack of hepatic enzyme needed for the 
synthesis of vitamin C from D-glucose. 
  

 
      Ascorbic acid    Dehydroascorbic acid 

 
Fig. 2. Structures of Vitamin C 

Source: en.wikipedia.org 
 

3.1 Functions 
 
Many functions of vitamin C are ascribed to its redox potential. For instance, vitamin C is involved in 
reduction of cytochrome a Fe

3+
, cytochrome c Fe

3+
, crotonyl-CoA and methaemoglobin, as well as in 

oxidation of p-hydroxy-phenyl pyruvate to homogentisate [23]. Other oxidation-reduction reactions 
requiring vitamin C include those coupled with glutathione, cytochrome c, pyridine nucleotides and 
flavin nucleotides. Vitamin C plays great role in the conversion of folic acid to folinic acid (leucovorin), 
prevention of oxidation of epinephrine in the adrenal medulla and in synthesis of collagen – an 
important structural component of blood vessels, tendons, ligaments and bone. It also plays important 
role in the synthesis of the neurotransmitter – norepinephrine, needed for the critical functioning of the 
brain, and carnitine needed for the transport of fat into cellular organelles, as well as in the 
metabolism of cholesterol to bile acids [24]. Vitamin C is a highly effective antioxidant, to the extent 
that even small amount can protect large amount of indispensable molecules in the body such as 
proteins, lipids, carbohydrates and nucleic acids from damage by free radicals. In addition, it is 
capable of regenerating other antioxidants, especially vitamin E [25,26]. Vitamin C plays great role in 
amelioration and/or prevention of many disease conditions including coronary heart disease and gout 
[27,28] and stimulates both the production and function of leukocytes especially neutrophils, 
lymphocytes and phagocytes [29,30]. 
 
3.2 Deficiency 
 
The major sign of vitamin C deficiency is a potentially fatal disease – scurvy, characterized by easy 
bleeding and bruising, hair and tooth loss, and joint pain and swelling, all related to weakening of 
blood vessels, connective tissues and bone [31]. Thus, in vitamin C deficiency states, the collagen 
bundles in the intercellular ground substance disappear while the ground substance depolarizes and 
become thin and watery in appearance. This causes wide spread pathological lesions in the bones 
and blood vessels leading to hemorrhagic manifestations of scurvy. Scurvy is rare in developed 
countries because it can be prevented by as little as 10 mg of vitamin C per day [32]. However, cases 



have occurred in children and the elderly on v
significant decrease in pregnancy, showing negative correlation with both gestational age and parity 
[35,36]. Vitamin C deficiency has also been suspected to cause enhanced pharmacological actions of 
a number of drugs [22]. This effect, which can be resolved by co
attributed to subsequent decrease in the activity of drug
[1]. Vitamin C deficiency is associated with reduced absor
during pregnancy [37-39], prompting call for pre and early pregnancy assessment of the vitamin 
status [40]. 
 
3.3 Toxicity 
 
A number of possible problems with very large doses of vitamin C have been suggested, incl
genetic mutations, birth defects, cancer, atherosclerosis, kidney stones, rebound scurvy, increased 
oxidative stress, excess iron absorption, vitamin B
[32,41]. However, a comprehensive review of liter
supplemental vitamin C can cause oxidative damage under physiological conditions or in humans 
[25,32]. 
 

4. VITAMIN E 
 
Vitamin E is a fat-soluble vitamin that also occurs naturally. The existence of this vitamin was first 
demonstrated when it was found that female rats required a particular unrecognized dietary substance 
to sustain pregnancy. It was later isolated and iden
be vitamin E. Vitamin E is a collective name for a family of eight antioxidants 
(alpha, beta, gamma and delta) and four tocotrienols (alpha, beta, gamma and delta), that exhibit 
similar activities [9,43]. Out of the four (4) forms of tocopherol that exhibit vitamin E activity, 
tocopherol (5,7,8-trimethyl tocol) is the most important and the only form of vitamin E that is actively 
maintained in the human body; therefore it is the form of
blood and tissues [44]. -tocopherol has the widest natural distribution, comprises of about 90
total tocopherol in animal tissues and exhibit the greatest biological activity as a vitamin in most 
systems than others [45,46]; hence 
 

Vitamin E is the most important lipophilic
stabilizes biological membranes [47]. Hence, the absence of vitamin E in membranes can make these 
membranes highly permeable and vulnerable to degradation [48]. Vitamin E is present in cotton s
oil, rice, eggs and vegetable oils. 
 

4.1 Functions 
  
Vitamin E has two basic functions –
considerable role in selenium metabolism [46]. Because of the hydrophobicity
usually associated with cell membranes, lipid deposits and lipoproteins where it is involved in 
prevention of oxidation of essential and cellular components [9,45]. This function is achieved through 
the reaction of its aromatic ring with most reactive forms of oxygen radicals and other free radicals, 
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have occurred in children and the elderly on very restricted diets [33,34]. Less pathological is its 
significant decrease in pregnancy, showing negative correlation with both gestational age and parity 
[35,36]. Vitamin C deficiency has also been suspected to cause enhanced pharmacological actions of 

number of drugs [22]. This effect, which can be resolved by co-administration of vitamin C, may be 
attributed to subsequent decrease in the activity of drug-metabolizing hepatic microsomal enzymes 
[1]. Vitamin C deficiency is associated with reduced absorption of dietary iron and reduced immunity 

39], prompting call for pre and early pregnancy assessment of the vitamin 

A number of possible problems with very large doses of vitamin C have been suggested, incl
genetic mutations, birth defects, cancer, atherosclerosis, kidney stones, rebound scurvy, increased 
oxidative stress, excess iron absorption, vitamin B12 deficiency, ulcer and erosion of dental enamel 
[32,41]. However, a comprehensive review of literatures found no credible scientific evidence that 
supplemental vitamin C can cause oxidative damage under physiological conditions or in humans 

soluble vitamin that also occurs naturally. The existence of this vitamin was first 
demonstrated when it was found that female rats required a particular unrecognized dietary substance 
to sustain pregnancy. It was later isolated and identified [42], and the substance was later proved to 
be vitamin E. Vitamin E is a collective name for a family of eight antioxidants – four tocopherols 
(alpha, beta, gamma and delta) and four tocotrienols (alpha, beta, gamma and delta), that exhibit 

activities [9,43]. Out of the four (4) forms of tocopherol that exhibit vitamin E activity, 
trimethyl tocol) is the most important and the only form of vitamin E that is actively 

maintained in the human body; therefore it is the form of vitamin E found in the largest quantity in the 
tocopherol has the widest natural distribution, comprises of about 90

total tocopherol in animal tissues and exhibit the greatest biological activity as a vitamin in most 
tems than others [45,46]; hence -tocopherol is interchangeably called vitamin E.  

 
Vitamin E 

 
Fig. 3. Vitamin E structure 

Source: en-wikipedia.org 
 

Vitamin E is the most important lipophilic radical-chain breaking antioxidant in living tissues where it 
stabilizes biological membranes [47]. Hence, the absence of vitamin E in membranes can make these 
membranes highly permeable and vulnerable to degradation [48]. Vitamin E is present in cotton s

– it acts as nature’s most potent fat-soluble antioxidant and plays a 
considerable role in selenium metabolism [46]. Because of the hydrophobicity of vitamin E, it is 
usually associated with cell membranes, lipid deposits and lipoproteins where it is involved in 
prevention of oxidation of essential and cellular components [9,45]. This function is achieved through 

th most reactive forms of oxygen radicals and other free radicals, 
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membranes highly permeable and vulnerable to degradation [48]. Vitamin E is present in cotton seed 
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destroying them and preventing them from causing oxidative damage to membrane lipids. Vitamin E 
actually appears to be the first line of defense against peroxidation of cellular and subcellular 
membrane phospholipids [46]. It has been proved to be essential in reproduction in animals less than 
primates. The most studied is its role in rat reproduction. Vitamin E deficiency in male rats causes 
irreversible sterility [45], while in female rats pregnancy is terminated in about 10 days following fetal 
death and resorption of uterine contents. Based on these, vitamin E is presently used in humans in 
the treatment and management of sterility and suspected infertility in males, and recurrent or habitual 
abortion, toxemia of pregnancy, disorders of menstruation, vaginitis and menopausal symptoms in 
females. Several other functions of vitamin E that are related to its antioxidant activity have been 
identified. For instance, it inhibits the activity of protein kinase C (an important cell-signaling 
molecule), affects the expression and activities of molecules and enzymes in immune and 
inflammatory cells, enhances vasodilatation, and also inhibits cell proliferation, platelet aggregation, 
monocyte adhesion and the oxygen burst in neutrophils [49,50]. 
 
4.2 Deficiency 
 
Apart from low dietary intake, vitamin E deficiency has been observed in individuals with severe 
malnutrition, genetic defects affecting the α-tocopherol transfer protein, and fat malabsorption 
syndromes. For instance, children with cystic fibrosis or cholestatic liver disease, who have impaired 
capacity to absorb dietary fat and therefore fat-soluble vitamins, may develop symptomatic vitamin E 
deficiency, especially neurological disorders like impaired balance and coordination (ataxia), injury to 
the sensory nerves (peripheral neuropathy), muscle weakness (myopathy), and damage to the retina 
of the eye (pigmented retinopathy) [43]. The effects of vitamin E deficiency on hematological 
parameters, which appear to be related to its antioxidant properties and featuring abnormal 
erythropoiesis and decreased erythrocyte life span, have been documented more than three decades 
ago. For instance; 
 

(1) Children with severe protein-calorie malnutrition, in whom there was macrocytic megaloblastic 
anaemia, were treated more successfully with large doses of -tocopherol than hematinics 
[51], 

(2) Premature infants who developed hemolytic anemia associated with increased erythrocyte 
susceptibility to peroxide hemolysis and low plasma tocopherol were better treated with large 
doses of -tocopherol [52], 

(3) Patients who lack plasma -lipoprotein and therefore have little or no circulating -tocopherol 
tend to develop a genetic disorder called accanthocytosis, causing spontaneous hemolysis of 
the patient’s erythrocytes. This can be relieved by raising the plasma -tocopherol [53], 

(4) In malabsorption syndromes characterized by steatorrhea like sprue, mucoviscidosis and 
chronic pancreatitis, vitamin E absorption is abnormal. At long run, there is decreased 
erythrocyte life span with increased susceptibility to hydrogen peroxidation. In man, these are 
ameliorated with large doses of -tocopherol [54]. 

 

4.3 Toxicity 
 
Few side effects have been noted in adults taking vitamin E supplements of less than 2,000mg daily. 
Such side effects occur as a result of long-term supplementation. The most worrisome possible 
toxicity is that of impaired blood clotting which may increase the likelihood of hemorrhage in some 
individuals. However, supplementation of 400 IU/day for long has been suspected to accelerate the 
progression of retinitis pigmentosa that is not associated with vitamin E deficiency [55]. Premature 
infants appear to be especially vulnerable to adverse effects of vitamin E supplements, hence it 
should be used only under controlled supervision by pediatrician [43]. After many trials [56-58], it is 
now certain that there is no convincing evidence that vitamin E supplementation up to 800 IU/day 
(about 700 mg/day), increases the risk of death from cardiovascular disease or other causes. 
However, it is advisable that vitamin E supplementation should not be taken with certain medications 
like anticoagulant drugs, anti-platelet drugs and non-steroid anti-inflammatory drugs (NSAIDs) to 
avoid hemorrhage. 
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5. CONCLUSION 
 
It is certain that deficiency or toxic level of any of these antioxidant vitamins can cause lasting disease 
conditions in adults, infants and fetuses. While it is pertinent that adults should be encouraged to take 
routine foods from natural sources where these vitamins abound, it is also advisable that vulnerable 
groups like infants and particularly pregnant women be given special attention in terms of health 
education, dietary advice and where possible supplement interventions. However, it is very necessary 
that assessment of pregnant women and even infants for possible supplementation should be 
individualized to avoid focal toxicities. 
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ABSTRACT 
 
This research is a descriptive analytical study investigating the factors affecting surgical delay in the 
surgical department at one of general (public) hospital at Jeddah city, Saudi Arabia. The research 
proposes and tests four independent variable factors affecting surgical delay. These factors are: 
clinical, administrative, hospital capabilities and care givers, while surgical delay is the dependent 
variable. In order to explore this issue, a quantitative method was used to collect primary data through 
designing a self-administered questionnaire, which was administered at the hospital. The research 
targeted the surgical department’s doctors at the hospital, who are the decision makers with regards 
to surgeries in their specialties; they total 106 doctors, and because of the small number of the 
research population the total number was taken as the research sample. The research retrieved 91 
valid questionnaires (96.46%). Results show that the four factors are significantly important, 
demonstrating a positive statistical relationship between the four factors and surgical delay. This 
research recommends activating the clinical coordinators’ position in all surgical departments in turn, 
to improve the communication channels between all the concerned departments and the patients in 
order to run out the patients’ appointments and surgery booking. Moreover, it is vital to frame, develop 
and manage all the surgical waiting lists in all surgical departments for easy access and control. 
 
Keywords: Surgical delay; public hospital; Saudi Arabia. 
 

1. INTRODUCTION 
 
This chapter is a descriptive analytical study investigating the factors affecting surgical delay in the 
surgical department at one of general (public) hospital at Jeddah city, Saudi Arabia. The chapter 
proposes and tests four independent variable factors affecting surgical delay. These factors are: 
clinical, administrative, hospital capabilities and care givers, while surgical delay is the dependent 
variable.  
 
The government of the Kingdom of Saudi Arabia has given high priority to the development of the 
health care services sector at all levels. The latest vision of the Kingdom of Saudi Arabia, which is 
called Vision 2030, sets out the huge support and effort through which the Kingdom of Saudi Arabia is 
trying to achieve its goals, including for the health care services by 2030. The health care system in 
the Kingdom Saudi Arabia, like many other health care systems around the world, faces several 
concerns that continually challenge its development and growth, such as a shortage of Saudi health 
professionals, changing patterns of disease, the lack of a national health information system, long 
waiting lists for surgeries, and surgical delays. 
 
Surgical delay is considered to be one of the most upsetting problems affecting patient satisfaction, 
and it is considered an important, challenging issue at most of public hospitals as the length of time a 
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patient will wait after being booked in and registered on the waiting lists until the surgery is finally 
done sometimes reaches more than one year. 
 

2. LEARNING OBJECTIVE  
 
The learning objectives are: 
 

 Identify the critical factors which affect surgical delay in the surgery department at general 
hospitals. 

 Investigate the input of clinical factors, administrative factors, hospital capabilities and care 
giver factors causing surgical delay. 

 
3. FACTORS AFFECTING SURGICAL DELAY  
 
There are four important factors to be covered that cannot be neglected in regard to surgical delay. 
The first factor is clinical, which includes physical and psychological factors. These include high blood 
pressure, which makes a major contribution to strokes, heart disease and kidney failure. Also, high 
cholesterol, which substantially increases the risk of coronary heart disease and stroke that is linked 
to diabetes and high blood pressure. In addition, obesity and being overweight shorten life expectancy 
and substantially increase the risk of type 2 diabetes, heart disease, some cancers, gall bladder 
disease and other conditions. Examination starts when the patient attends the specialized clinic, then 
the doctor checks the patient and requests certain investigations such as radiology (MRI, CT scan, 
ultrasound, biopsies) and laboratory tests, then back to the clinic for a final surgical decision. Then the 
doctor refers the patient to the pre-anaesthesia clinic, then to a specialized department, called a post-
operative or pre-admission clinic, where final clearance is made so that the patient can sign consent 
and the doctor can explain the surgery to the patient before he or she gets the official surgical date.  
 
The second factor is administrative, meaning here non-medical involvement, and involving a 
combination of different departments connected together in the process of setting up patients’ pre-
surgical arrangements, such as identifying their services department and the eligibility division 
responsible for updating patients basic information and contact numbers, and extending eligible 
patients’ files and limited treatment files, based on the patients providing national identification 
information or employees renewing their expired badges and gaining treatment approval and 
extensions. Administration is also responsible for setting up and printing out clinic appointments for 
patients. The bed management department and admissions department operate as key functions of 
the pure administrative process, by which all of the hospital’s inpatients, day surgery and emergency 
admissions are combined and controlled. A supporting function for control and approval is provided on 
a daily basis by the operating room (OR) management to the admissions office, providing surgical list 
schedules and managing OR time based on the specific rules of the department. There are also other, 
different departments, such as clinical coordinators who are responsible for categorizing, prioritizing 
and managing the waiting lists based on the doctors’ requests and the level of surgical need for each 
and every patient. This is managed along with their responsibility to call the patients and coordinate 
their appointments, and to finalize and send the department’s surgical schedules to admissions and 
the OR coordinators, as well as rebook cancelled cases. 
 
The third factor is hospital capabilities, which refers to health services resources. Bed capacity is 
considered to be the main element of this, which plays an important role in surgical delay as the 
number of beds restricts the surgical list based on the availability of beds in the male, female and/or 
paediatrics wards. It is also sometimes based on the surgical category depending on whether the 
surgery is critical or elective. In addition, the number of ICU, PICU and CCU beds can cause surgical 
cancellations and delays. Furthermore, the amount of medical equipment, surgery instruments and 
supplies play an important role in the length of any surgery. In regards to medical instruments, the 
need to sterilize between each procedure might affect the surgery time, and in some cases the 
availability of the support equipment such as surgery scopes and devices might be one of the 
secondary reasons behind surgical delay. 
 



 
 
 

Current Trends in Disease and Health Vol. 3 
Factors Affecting Surgical Delay: A Case Study of One of General Hospital at Jeddah City 

 
 

 
127 

 

The fourth factor is care givers, who function as the core value of any operation room, starting from 
the professional surgeons and then to the nursing staff, support medical staff and administrative staff. 
The whole process and arrangement of any surgery falls on their shoulders. Moreover, the greatest 
concern affecting all hospital resources is the need to recruit more manpower, based on the available 
budget. 
 
The current study is focused on analyzing these four main factors affecting surgical delay. 
Furthermore, there is considerable variation to the reasons of surgical delay or cancellations all over 
the world. And based on that continues and different researches in this field with different formulation 
of the same problem and question which is surgical delay or cancellation. It is a confirmation that 
there is a unique profile of surgical delay problem in any institute. The results do not reflect that we 
just need to look in one direction and ignore the others but we do need a proper investigation, a future 
dynamic plan and a motivated staff to bring up the solutions out of their daily challenges that might 
participate in helping a needed patient for the surgery and take the institute toward success. 
 
Clinics performs as a filtering resource to the surgery table as the decisions are made in specialized 
clinics followed by the anaesthesia clinics as a final stamp of agreement with the surgeon. The 
anaesthesia clinics serve to provide a pre-surgery evaluation based on the medical complexity of a 
patient’s condition, with approval secured on completion of a health-screening questionnaire. 
Evaluation is made through review of the patient’s medical records and relevant history, examination 
and relevant ancillary testing, followed by risk optimization through appropriate interventions and 
consultations; discussion of the risks and benefits of various anesthetic options and pain management 
strategies of the patients; improvement of anxiety through counselling; patient and family education on 
topics such as fasting, medications to continue on the day of surgery, and validation of consent and 
documentation of advanced medical orders [1]. The initial and most severe impact strikes when the 
patient and his family are waiting at the clinic for the first consultation and diagnosis. Then the patient 
must sit in another queue to get the MRI, CT scan, biopsy or any other investigations to complete his 
medical record. Finally, the patient starts the real journey, onto the surgery waiting list. 
 
Many factors may now impact the patient adversely. The patient’s name might reach the top of the 
operation room list, only for his/her surgery to be cancelled simply because there is no bed available; 
this might even be on the night prior to the operation, or because the patient is stressed and requests 
to cancel the surgery, or perhaps catches the flu or gets a respiratory infection. All of these events 
affect the patient, as he/she may suffer psychologically and financially. Such conditions count as 
physiological and psychological factors. A research conducted in a teaching hospital mentioned that 
“The main causes for cancelling were related to the patient (53.4%), such as unfavourable clinical 
conditions (hypertension and respiratory diseases among others)” [2]. 
  
In other scenario, the patient might become an inpatient, and be completely ready to start the surgery, 
with ideal fibrotics, ultrasound, sterilized equipment, materials, surgeon and supporting medical staff, 
but a sudden cancellation occurs due to unavailability of an ICU or PICU bed, or the late start of a 
previous operation on the list, resulting in the cancellation of one or two patients. Additionally, the day 
surgery is considered to be one of the best solutions for both hospital and patients as well, unless 
there is a valid reason to transfer the patient to stay in the hospital for a couple of nights. 
 
Overall, the length of waiting times is influenced by a number of factors. These include the number of 
patients needing surgery, the availability of both physical and human and material resources available 
for all the examinations and surgery preparations. While such surgery delays or cancelations actually 
cost hospitals, the waste of disposable equipment opened for surgeries that never take place, and 
overtime pay in the form of extra working hours for surgeons and nurses for extra surgery dated in a 
way to control the over demanding patients. “Surgical delay or cancelation after the patient and 
operating room have been prepared for surgery causes definite financial loss to the institution, while 
cancellations at earlier times may cause less to no real financial loss. Also, some reasons for earlier 
cancellations are not pertinent to very late cancellations” [3]. In addition, in one study, “the main 
reasons for operative delay were almost the same. Lack of proper planning, lack of team work and 
communication gap and limited availability of trained supporting staff were the common reasons of 
start time operative delay” [4]. 
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Frequent operations cancellation leads to direct waste of hospital recourses. By implementing a 
cohesive preoperative preparation system and schedule that may and will decrease the rate of 
operation cancellations significantly. It is known that junior surgeons prepares operations list, and they 
are unfamiliar with the procedure so they select patients whom needs minimal preparations and the 
study of Dhafar et al., [5] suggested that “only consultant should book the patients for surgery and it 
would help in reducing cancellation rate especially in those cases which are selected because of 
wrong indication of surgery and furthermore, presence of consultant surgeon and consultant 
anaesthetist during operation reduces frequency in delays”. This research focused on the decision 
makers as were chosen as research sample (consultants, specialists, staff physicians). 
 
Most of the studies demonstrate the common factors and reasons affecting surgical delay and 
cancellation. Moreover, it concentrated on several repeated unclassified factors which are; Patients 
related reasons refusal of surgery or not attending, surgeon related reason, administrative, 
anaesthesia, lack of theatre time (shortage of operation time was late start of the list and loss of time 
between cases), financial and the most repeated factor was facility related. 
 
This study differs of the previous studies in its classified factors (clinical and it includes physical and 
physiological factors and it influence on the surgical delay. Administrative contains all related 
administrative support such as scheduling system, and admission and bed management. Finally, 
Health services provider’s capability factor which reflect the human resources, equipment and hospital 
bed capacity. 
 
Finally, surgical delay puts real pressure on any branded hospital. It threatens the hospital’s 
reputation, financial resources, manpower necessity, service quality and patient satisfaction. The 
hospital clinics, administration, capabilities and care givers are the basis of its actual success, which 
all come together to plan for good service and excellent outcomes. 
 
4. PATIENT CLINICAL SITUATION AFFECTING SURGICAL DELAY 
 
Table 1 shows that the mean range was between (2.14- 2.70), with the highest mean being for item 
(1) “Surgery complications”, and the lowest mean for item (5) “Fear of moving/(wound- scar)”. The 
overall mean for “Patient clinical situation” was (2.34). Regarding the chi-square test, the table shows 
that two out of five were significant. 
 
Table 1. Mean and standard deviation for items and chi-square test/Patient’s clinical situation 

 
No Item Mean SD Chi-square Sig. 
1 Surgery complications 2.70 .77 136.23 .01 
2 Expectation of negative results 2.55 .81 119.30 .001 
3 Obesity 2.40 .99 110.92 .12 
4 Anxiety 2.37 .87 161.01 .11 
5 Fear of moving/(wound-scar) 2.14 .77 126.00 .15 
 Patient clinical situation 2.34    

 

Regarding the first dimension of the study, which is the clinical factor “patient clinical situation”, the 
results of this general dimension was relatively low, with a rate of 2.34, and the analysis shows that 
the mean range was between 2.14- 2.70, the highest mean being for item (1) “Surgery complications”, 
and the lowest mean being for item (5) “Fear of moving/(wound-scar)”. The results indicate that 
patients need proper preparation for planned surgery, as well a clear explanation of the surgery’s 
potential complications, side effects and success rate, if possible. The patient’s clinical investigations 
and final clarifications must also be done at the surgeon’s clinic and at the anesthesia clinic for final 
clear-up before surgery. 
 
Based on the previous studies, similar results were found regarding clinical reasons, but not in the 
percentages of the study by Dhafar, Ulmalki, Felemban, Mahfouz, Baljoon, et al. [5], under the title 
“Cancellation of operations in Saudi Arabian hospitals”; the similarity was found under “Patient 
reasons” as a reason for surgery cancellation: patient request 59 (4.77%); high blood pressure 51 
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(4.12%); diabetes uncontrolled 21 (1.70%); upper respiratory tract infection 14 (1.13%); and ischemic 
heart disease 19 (1.53%).  
 

5. ADMINISTRATIVE PROCEDURES AFFECTING SURGICAL DELAY 
 

Table 2 shows that mean range between (3.70-4.51), the highest mean being for item (3) “Bed 
management system and surgery cancellation”, but the lowest mean being for item (4) “Lack of official 
admission clinics”. The overall mean for “Administrative procedures” was (4.08). Regarding the chi-
square test, the table shows that five out of five were significant. 
 

Table 2. Mean and standard deviation for items and chi-square test/ Administrative procedures 
 

No Item Mean SD Chi-square Sig. 
1 Long waiting list and lack of coordination 4.33 .67 226.98 .000 
2 Appointment system 4.03 .61 129.34 .02 
3 Bed management system and surgery cancellation 4.51 .69 330.91 .01 
4 Lack of official admission clinics 3.70 .77 321.01 .002 
5 Favoritism (WASTA) 3.85 .65 156.03 .001 
 Administrative procedures 4.08    
 

Regarding the second dimension, the administrative factor “Administrative procedures”, the results of 
this general dimension were good, with the rate of 4.08. This result shows a mean range between 
3.70–4.51; the highest mean was for item (3) “Bed management system and surgery cancellation”, 
and the lowest mean was for item (4) “Lack of official admission clinics”. Regarding the chi-square 
test, the table shows that five out of five were significant. The bed management system monitors the 
patient admission flow into the hospital, as it controls the emergency, inpatients and day Surgery. 
Regardless, there is huge pressure from the management and the patients a continues improvements 
and decisions makers’ meetings must be taken seriously to provide a clear guidance process or 
introduction of policies to the surgical department to reduce the number of regular surgery 
cancellations. However, there was different categorization between this research and the research 
conducted by El Mahalli, Al Thumairi, and Al Omar [6], as they categorized them under “hospital 
reasons (procedural/ administrative)”, which had the highest frequency of 57.7%, followed by patients’ 
clinical (25.9%) and non-clinical (16.4%) reasons. The hospital reasons (procedural/administrative) 
contained the category “Improper preoperative evaluation of patients”, with 14.4%, while in this 
research the lack of admission clinics serving as preoperative evaluation clinics was the lowest mean. 
Another item categorized under administrative by El Mahalli et al. [6] was miscommunication, with 
13.4%, while in this research it was considered to be the long waiting lists and lack of coordination of 
communication. Another study, by Sultan et al. in [7], conveyed this administrative factor but using a 
different classification to this research: No ICU beds; no blood for the patient (lack of admission clinics 
or preoperative clinics); and wrong bookings (long waiting list and lack of coordination). The total 
administrative rate in that study was 34%. 
 

6. HOSPITAL CAPABILITIES AFFECTING SURGICAL DELAY 
 

Table 3 shows the mean range between (4.07-4.80), the highest mean being for item (1) “Availability 
of inpatient female beds”, but the lowest mean being for item (5) “Functionality of day surgery”. The 
overall mean for “Hospital capabilities” was (4.44). Regarding the chi-square test, the table shows that 
five out of five were significant. 
 

Table 3. Mean and standard deviation for items and chi-square test/ Hospital capabilities 
 

No Item Mean SD Chi-square Sig. 
1 Availability of inpatient female beds 4.80 .27 216.77 .000 
2 Availability of inpatient male beds 4.59 .64 219.00 .001 
3 Availability of surgery rooms 4.37 .59 170.91 .001 
4 Availability of beds in ICU , CCU , PICU and recovery 4.40 .89 221.02 .002 
5 Functionality of day surgery 4.07 .53 141.00 .02 
 Hospital capabilities 4.44    
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Hospital capabilities are the third dimension of this study, and the results of this general dimension 
were the highest among all dimensions, with a rate of 4.44. The analysis shows the mean range 
between 4.07-4.80, with the highest mean being for item (1) “Availability of inpatient female beds”, 
and the lowest mean being for item (5) “Functionality of day surgery”. Regarding the chi-square test, 
the table shows that five out of five were significant. This result helps to confirm the huge need for and 
unavailability of enough beds, especially in the female surgical wards; generally speaking, lack of 
beds is the main issue actually causing surgical delay. Without doubt, there is need for continued 
planning, and with the new projects at KAMC-J this issue will be the main consideration of the huge 
expansion, and this will solve all the surgical delay problems. There were similarly high rates of 
cancellations revealed in the study of Dimitriadis, Iyer and Evgeniou [8], again due to lack of beds, 
though they did not mention the kind of bed, i.e. if the rate was higher in male or female wards or in 
others. The cancelation percentage was 21.79% as a result of increased numbers of acute medical 
and surgical emergency admissions, whereas in this research the rate was specifically higher in the 
female beds, at 4.80. 
 
7. CARE GIVERS INFLUENCING SURGICAL DELAY 
 
Table 4 shows the mean range between (2.55-4.10), the highest mean being for item (2) “Varity of 
surgical specialization”, the lowest mean being for item (1) “Number of surgeons”. The overall mean 
for “Care givers” was (3.41). Regarding the chi-square test, the table shows that four out of five were 
significant. 
 

Table 4. Mean and standard deviation for items and chi-square test/Care givers 
 
No Item Mean SD Chi-square Sig. 
1 Number of surgeons 2.55 .67 116.98 .11 
2 Varity of surgical specialization 4.10 .61 129.80 .03 
3 Number of nursing staff 3.81 .69 140.9 .01 
4 Number of support medical staff in OR 3.44 .77 261.01 .002 
5 Number of qualified administrative and support staff 3.18 .65 146.00 .03 
 Care givers 3.41    
 
The final dimension is the care givers, and the results of this general dimension was very good with 
rate of 3.41. The results showed a mean range between 2.55-4.10, with the highest mean being for 
item (2) “Varity of surgical specialization”, and the lowest mean being for item (1) “Number of 
surgeons”. Regarding the chi-square test, the table shows that four out of five were significant. The 
results showed that the need for a variety of surgical specializations is of the highest importance; 
though we are not in a position to determine which kind of need this is, the result confirms how much 
it is relevant to surgical delay simply because most surgeons’ waiting lists are full to bursting. And so, 
for instance, if a surgeon needs another specialized surgeon to join him in a surgery, a delay will 
occur based on that surgeon’s busy schedule. The previous studies findings differ on this as they 
relay information about the huge responsibility placed on the surgeons’ shoulders regarding 
cancellations. In one of the previous studies, by Dhafar et al. [5], the reasons for cancelation were 
unavailability of surgeon with 0.24%, and cancelled by surgeon with 6.95%. But in the study of Sultan, 
Rashid, and Abbas, [7] the related reasons for cancellation by the surgeon were listed as: the patient 
needs further evaluation; there is no time for surgery; no need for surgery; anticoagulants were not 
stopped before surgery; discharge of the patient; the surgery had already been done; illness or 
unavailability of the surgeon; another surgeon was asked to operate; some other reason. Additional 
reasons were covered in the study of Afzal and Ali [9], who mentioned that most of the lists were 
being finalized by junior surgical staff, with consultants deciding only on the major cases. Junior 
doctors not being fully aware of the surgical plan, and their unfamiliarity with the time required for 
each procedure complicated the problem. 
 

8. STUDY HYPOTHESES TESTS 
 

As it can be seen in Table 5 there is a significant positive statistical relationship between clinical 
factors and surgical delay at KAMC-J. Therefore, the first hypothesis is accepted. There is a 
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significant positive statistical relationship between administrative factors and surgical delay at KAMC-
J. Therefore, the second hypothesis is accepted. There is a significant positive statistical relationship 
between the factor of hospital capabilities and surgical delay at KAMC. Therefore, the third hypothesis 
is accepted. Finally, there is a significant positive statistical relationship between the factor of care 
givers and surgical delay at KAMC-J. Therefore, the fourth hypothesis is accepted. 

 
Table 5. Research hypotheses tests 

 
Independent variable Dependent variable: Surgical delay  
Clinical factors Chi-square Sig. 

36.16 .001 
Administrative factors Chi-square Sig. 

31.15 .003 
Hospital capabilities Chi-square Sig. 

43.16 .001 
Care givers Chi-square Sig. 

37.12 .000 
 

9. CONCLUSION 
 
In finalizing this study, and after collecting and analyzing all data, the investigation has attempted to 
prove or disapprove the four hypotheses, which address findings concerning the significant relation 
between surgical delay and clinical factors, administrative factors, and the factors of hospital 
capabilities and care givers. The purpose of the study was to identify and investigate the effects of the 
four variables on surgical delay at KAMC-J, examining and analyzing them by using an SPSS 
program. These factors must serve as a guide to all decision makers in solving the dilemma of 
surgical delay. Moreover, there is considerable variation affecting the reasons for surgical delay or 
cancellations all over the world. And, based on that, continuous and different researches in this field, 
with different formulations of the same problem, can question what causes surgical delays or 
cancellations. The results confirm that there is a unique profile to the problem of surgical delay in any 
institution. The results do not reflect that we simply need to look in one direction only and ignore all 
others, but we do need a proper investigation, a future dynamic plan, and a motivated staff to bring up 
solutions that arise from their daily challenges, solutions that might contribute to helping a patient 
needing surgery and, as a result, take the institute forward toward success. In conclusion, we would 
like to highlight a few important points: 
 

 A clear plan for surgery and complications must be discussed with the patient in both the pre-
operative clinic and in the anesthesia clinic. 

 There must be a well-developed plan from the bed management department through to the 
surgical department to reduce and control that continues uncontrolled admissions. 

 The high demand for female surgical wards must be taken seriously, as the study shows it 
affects the surgical delay base. 

 Some of the doctors are operating twice a month, and this leads to long waiting lists, and 
action must be taken either to increase the surgeons’ operating days or to hire more surgeons 
to control the surgical delay, which sometimes reaches a year or two. 

 
This research came up with the following recommendations based on the research results: 
 

1) There must be a clinical coordinator in each surgical clinic in order to organize and coordinate 
the waiting list for each consultant. 

2) There must be a clearly divided and categorized waiting list in all surgical departments, and 
this list should be easily accessible to all surgeons concerned so that they can be updated 
and aware of the long list. 

3) There must be an admission or pre-operative clinic, or hours allocated in each department to 
allow the surgeon team to prepare patients for all the investigations they need before surgery, 
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and this clinic should prepare a pack-up list to be available for each surgeon. Patients should 
be aware of it while they wait for the hospital to call. 

4) The anesthesia appointment should be within a week or two to avoid any sudden infections or 
forgotten preparations. 
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ABSTRACT 
 

As technology advances in recruitment and selection, it provides job seekers with more options for 
finding a career in the healthcare industry. At the same time, it helps organizations to streamline the 
hiring process. Internet job sites like CareerBuilder, Monster and Hot Jobs allow job seekers to post 
resumes which employers can view online and select qualified candidates. In addition, online 
candidate-tracking systems are helpful to employers. Social media forums like Facebook and LinkedIn 
are useful sources when selecting proper candidates for the healthcare industry. This research set 
aims to analyse the role of information technology in the healthcare recruitment process. The 
literature review demonstrates the impact of IT on the recruitment process in the healthcare sector. 
Literature from different secondary sources, such as books and journals, are discussed in this 
research. The methodology applied in this research takes a descriptive analytical and deductive 
approach. In the data collection and analysis part, the data were collected from 130 human-resource 
employees from different healthcare organizations in Makkah city. A quantitative data analysis method 
has been followed in order to analyse the raw data obtained in the survey. This helps to get 
appropriate outcome for the research by fulfilling its research aims and objectives. The outcome 
results from this study were as follows: First, that using information technology will be very useful in 
the recruitment process, because it will provide a better outcome than traditional methods. Second, 
there will be improvement in the quality of recruitment when using information technology in the 
recruitment process. Third, there will be a small improvement in communication when IT is used in the 
recruitment process rather than traditional methods. Finally, using IT in the recruitment process will be 
much more effective than the traditional way. The recommendations made from this study are the 
following: As outcome is one of the major components in the healthcare industry recruitment system, 
the applications for providing care must not vary between institutions. In order to improve quality in the 
healthcare recruitment process, it is necessary to apply IT in the proper way. For instance, those 
applications that have security issues and may lead to data leakage of candidates must be avoided. 
Using social media could be useful in enhancing communication in the healthcare recruitment 
process. The government has an important role to play in setting up standards for organizations. In 
turn, following these standards could be helpful in guaranteeing the effectiveness of the system. 
 
Keywords: Information technology; recruitment; healthcare organization. 
 

1. INTRODUCTION 
 
As technology advances in recruitment and selection, it provides job seekers with more options for 
finding a career in the healthcare industry. At the same time, it helps organizations to streamline the 
hiring process. Internet job sites like CareerBuilder, Monster and Hot Jobs allow job seekers to post 
resumes which employers can view online and select qualified candidates. In addition, online 
candidate-tracking systems are helpful to employers. Social media forums like Facebook and LinkedIn 
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are useful sources when selecting proper candidates for the healthcare industry. This chapter set 
aims to analyse the role of information technology in the healthcare recruitment process, and to 
demonstrate the impact of IT on the recruitment process in the healthcare sector. 
 
1.1 Learning Objectives  
 

• To explore the outcomes of information technology for the recruitment process in the 
healthcare industry 

• To evaluate the quality of information technology in the recruitment process of the healthcare 
industry 

• To evaluate the impact of information technology on building effective communication 
systems within the recruitment processes of the healthcare industry. 

• To evaluate the effectiveness of information technology in the recruitment processes of the 
healthcare industry. 

 

2. INFORMATION TECHNOLOGY ON THE RECRUITMENT PROCESS 
 
As technology advances in recruitment and selection, it provides job seekers with more options for 
finding a career in the healthcare industry. At the same time, it helps organizations to streamline the 
hiring process. Internet job sites like Career Builder, Monster and Hot Jobs allow job seekers to post 
resumes which employers can view online and select qualified candidates. In addition, online 
candidate-tracking systems are helpful to employers. Social media forums like Facebook and LinkedIn 
are useful sources when selecting proper candidates for the healthcare industry. This chapter set 
aims to analyse the role of information technology in the healthcare recruitment process, and to 
demonstrate the impact of IT on the recruitment process in the healthcare sector. 
 
The present development of technology allows the implementation of information technology (IT) in 
several fields, bringing some benefits to the process as well as helping businesses secure a 
competitive advantage. The current study’s objective is to assess the effectiveness of this, and to 
explore the results as well as the efficiency of information technology in the procedure of recruitment 
[1]. To this end, proper methodological tools have been selected for the successful completion of the 
research. Appropriate and suitable research designs, research approaches and philosophies have 
been selected to pursue the research effectively. 
 
IT refers to computer applications that operate in several areas to manipulate, transmit, retrieve, study 
and store data in a business or organizational context. IT has played a significant role in enhancing 
the quality, efficiency and effectiveness of communication systems and knowledge within the entire 
healthcare industry [2]. Due to the lower levels of IT investment in the healthcare industry than in the 
other service industries, however, the healthcare industry has faced several issues, such as issues 
with data security, enhanced data demand, patient-centered care and many other problems. One of 
the other major impacts of information technology is on the recruitment system process. As a result, 
the healthcare industry is now widely accepting the need for effective and advanced technologies to 
hire capable staff and enhance their service quality [2]. 
 
Virtual recruitment based on information technologies is the natural consequence of the evolution of 
the internet [3]. Since the core value of the internet is to share and distribute valuable information on a 
global scale, healthcare sectors have had a direct impact on this global influence. Healthcare sectors 
have encouraged their human resource departments to implement internet-based technologies to 
enhance the effectiveness of the recruitment process and web services to help manage the constant 
pressure of applicants who apply annually from various parts of the world [4]. 
 
Human resource departments have always known the consequences of what they are getting 
themselves into and of their actions [5]. Therefore, it has been obvious that information technologies 
will play a significant role in the current technological shift. Decision makers have recognized the 
paradigm shift in adopting advanced technologies to move forward and have therefore invested in 
creative information technology solutions in order to enhance the overall recruitment process within 
their organizations. 
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We now live in a high-tech world, and so proper implementation of information technology in 
recruitment systems can lead to outstanding outcomes, such as fast and cost-effective recruitment. 
Moreover, healthcare recruitment can become more spontaneous and the length of the process 
reduced. In terms of quality, information technology can also have a significant impact, leading to the 
implementation of the most efficient recruitment system in the healthcare industry. 
 
Furthermore, by engaging with information technology, the healthcare industry can be capable of 
recruiting the most competent and eligible candidates very easily [6]. Information technology plays a 
significant role both in implementing effective communication and in establishing proper recruitment 
procedures in the healthcare industry. The industry can be enriched with a large, able workforce 
always able to accomplish their roles and responsibilities. 
 
The interaction between salaries and jobs has been affected by the notion that the world is flat. [7] 
state that the global topography would look astonishing if we visualized a map that showed the data 
results of individuals with predominantly good public health. The inequity of healthcare within specific 
countries across the world corresponds to the lack of implementing online recruitment by healthcare 
sectors in these countries [7]. It has become obvious in the last five years that the medical world 
needs to become flatter, and that this flattening can only occur when human resources implement 
internet-based technologies to reshape the landscape of human health. 
 
Technology has had a great impact on the hiring process in healthcare systems. There are several 
advantages of using information technology in the recruitment process [8]. This section consists of 
different types of models and theories related to healthcare recruitment. In addition, the advantages of 
using IT in the recruitment process are defined here, while the impact of IT on healthcare is explained. 
Its limitations are also discussed. 
 

2.1 The Recruitment System in Healthcare Organizations 
 
Health information technologies (HIT) such as Decision Support Systems (DSS), Computerized 
Physician Order Entry (CPOE) and Electronic Medical Records (EMR), may improve wellbeing and 
the patient-centeredness of care and quality; however, they involve expenses and lead to incremental 
efficiency healthcare [9]. The use of IT equipment helps to maintain communication among 
employees and staff in the healthcare industry. This IT equipment includes email, social media, 
webcams and databases. 
 

2.2 Developing a Recruitment Strategy 
 

Efficient selection is the objective: at that point, it increases the depth of learning of the contenders for 
the advertised job. This implies having a reasonable vision about the position they are applying for 
and directing a significant portion of the hiring budget to the resources for securing practical long-term 
advantages for the association [10]. It is best to search for the sources of the most high-quality 
applicants. 
 

In many cases, HR offices are presently forced to use up most of their energy and financial resources 
in overseeing their current representatives, abandoning them with little data transmission left to fill the 
association’s procuring needs [11]. The HRM department of the healthcare industry has improved and 
become able to maintain care services. With an excessive number of representatives, organizations 
can endure misfortune as the cost of maintaining the business expands in relation to income. The use 
of advances and new technology in HR teams has helped to support the recruitment process of the 
healthcare industry. Furthermore, young people in the market are given job opportunities with the help 
of social media [12]. This has helped to increase employability in the healthcare industry. The goals 
and objectives of this research have been fulfilled with the help of data analysis of the collected 
information and data from various sources. 
 

2.3 Working with E-Recruiting Firms to Build a Strategy 
 

Using e-recruiting firms does not require the ability, time or assets to manufacture a selection 
procedure: unlike other alternatives, this approach involves collaborating with an enrolling firm and 
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enabling them to deal with the procuring procedure on the organization’s behalf [13]. Getting the 
appropriate job seekers who can advance and develop the association is in many cases more vital for 
accomplishing the organization’s general objectives than other aspects of its strategy for success. The 
use of this theory and model has helped in understanding the various aspects of the recruitment 
process in the healthcare industry. In the interviews for this research, the representatives talked about 
the process of administration through which everybody has particular involvement in the connective 
procedures through which specific issues are resolved. 
 
In addition, the opportunity to make employment openings has to be aligned with the procedures and 
enhancements of situations utilized by the organization. The connections are made between staff to 
decide the extent of performance [9]. There is a broad selection of electronic medical records and 
developments in bio-therapeutic building as well as technologies. Social insurance as well as 
conveyance strategies are changing constantly, which expands their rate. It is important to ensure 
that conveyance strategies can lead to improvements and become helpful in each situation. It is 
important for organizations to meet the demands of users for personal satisfaction. Incentives to 
innovate can bring several benefits in medical services. 
 

2.4 Models Related to Recruitment Systems 
 
Diverse organizations have distinct procuring needs. Therefore, depending on the degrees of 
restrictiveness, long-haul prospects, levels of engagement and different variables, an assorted range 
of enrolment models are practiced in the market. Here we will attempt to clarify them. Specific 
enrolment models can be listed as: Exclusive Requirements, Contingency Hiring, Retained Search, 
Outplacement, Executive Search, Recruitment, and Process Outsourcing (RPO). 
 

2.5 Exclusive Requirements 
 
Organizations communicate a few prerequisites just to recruitment specialists. Here, the scout 
guarantees to the customer that the position will be filled by a particular date. If the scout cannot fill 
the position by this point, he has to either fill the position with a reduced commission or incur some 
other penalty [14]. All the conditions are clearly set out before the agreement is made. Here, the level 
of commission is not as important as the possibility of employing a candidate, because there is no 
opposition. 
 
2.6 Contingency Hiring 
 
In this type of hiring, the organization will run over any prerequisites it stipulates to numerous experts; 
at the same time, it solicits them to send resumes. The advisor whose application is selected or 
finalized receives a payment from the organization. Here, the selection representatives do not receive 
any guaranteed or settled compensation. Their earnings depend entirely on whether they can guide or 
generate offers or not [15]. As the hazard factor is high here, advisors charge a higher rate for this 
kind of enlistment. For the most part, the organization pays according to a particular level of CTC 
(cost to company) of the hopeful candidate. This is the most pervasive method of enrolment. 
 

2.7 Retained Search 
 

In this type of hiring, the recruitment expert works only for a particular recruitment instalment, 
separated into parts, which are often divided into two portions. He is paid a settled sum by the 
organization for his search. This is called a retainer fee. Other than that, on the off chance that he 
makes an offer then he gets more money. For the enrolment of senior administrators, like CEOs or 
heads of sales, an exceptionally intense approach is required, so this strategy is favoured in these 
cases. 
 

2.8 Outplacement 
 

Outplacement came into the picture amid the retreat period. Here, if an organization needs to sack a 
few employees or workers to reduce costs they may enlist a specialist to put those representatives 
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into different organizations. The enlistment cost is paid by the current company. Outplacement is not 
extremely well known to date. 
 

2.9 Executive Search 
 
Executive searching groups just concentrate on higher-level employees like CEOs, CTOs, heads of 
sales and comparably sought-after staff. The plan for sourcing these mentioned positions is unique in 
relation to junior level necessities. The number of probable hopefuls is reduced; furthermore, they do 
not like to demonstrate their resume at entryways [16]. So, head-hunting, looking in systems 
administration locales and individual systems, all help to a considerable degree. For such 
prerequisites the commission is significantly higher. 
 

2.10 Recruitment Process Outsourcing (RPO) 
 
RPO is beginning to show increasing prevalence recently. The resources of an organization direct the 
enrolment process through another expert. A few people from the expert’s side operate in the 
organization itself and deal with the entire procedure without anyone else. These sources may either 
acquire the customer in place or in their own office. At this point, the RPO accomplice is in charge of 
securing every one of the necessities (9). They deal with the entire enlistment process, ideally from 
sourcing, interviewing and scheduling to the job offer itself. The advantage to the organization is that 
they don’t need to deal with their own enrolment group, which decreases costs. 

 
3. RECRUITMENT AND SELECTION THEORY 
 
Recruiting and hiring staff needs to fulfil the human resource strategy in order to forestall the risk of 
terrible hiring as well as the cost of high turnover. In this aspect, private projects are not prepared for 
HR professionals dealing with the process of employing staff or understanding human resource 
speculations, or with the best practices that can enable the assembling of the ideal group for the 
organization [17]. On the other hand, preparation would reduce the number of requirements for 
terminating the employment and hence moving the representatives to several other organizations. 
However, this cannot be expedited legitimately. 
 

3.1 Organization Chart 
 

Entrepreneurs should not contract comparable individuals in dissimilar positions since they have the 
potential opportunity to restart employment in their previous organization. This is because business 
gurus typically do not begin formulating their associations with a practical organizational layout; 
instead, they contract workers to fill needs or loopholes as the organization progresses [17]. Viable 
workforce creation needs an organization diagram to determine a company’s needs precisely as well 
as to plan for an organization’s work requirements. 
 

3.2 Job Description 
 

To implement recruitment needs effectively, it is pivotal to conduct interviews properly and retain staff. 
It is important to have job descriptions for each of the positions so that the candidates are well aware 
of their job role and apply for the appropriate positions [18]. 
 

3.3 Recruitment 
 

Recruitment of staff starts with an accurate advert. The advertisement needs to include a detailed and 
accurate job description. Furthermore, available positions should be displayed on job boards as well 
as in publications that individuals with the contextual experience regularly access. 
 

3.4 Selecting 
 

There should be the creation of a wish list of the characteristics of the ideal employee. Resumes 
should be divided as per applications received. The selection should be based on the applications 
and assigned one point for each attribute. 
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3.5 Hiring 
 

It might be discovered that the worker will not settle for the pay that the organization is offering. Pay 
histories do not always provide an accurate scale of a candidate’s worth: it is likely that she will have 
enriched her aptitudes, getting better, more rewarding alternatives due to her current level of 
development or ability.  
 

She could have worked for a small organization, or for a massive one which could bear to 
compensate her more than the job offer. In the hiring process, ultimately you need to invite references 
from shortlisted applicants and set up direct meetings. 
 

3.6 Outcome 
 

Some healthcare organizations have realized efficiencies through incorporating several aspects of 
ICT (Information and Communication Technology), such as organizational health records and picture 
archiving and communication systems (PACS) used for digital imaging. But for most organizations 
across the country, ICT is still in the rudimentary stages. Incorporating the advancement of 
information and communication technology within the professional arena has had a substantial 
influence on human resources, and together this has impacted sectors of the economy [19]. Those 
sectors which have particularly shown the influence of technology can be identified as the 
manufacturing and financial fields. 
 
On the other hand, because of the several advantages of information technology the healthcare 
industry has started to implement it in its recruitment system. However, there is a criterion that it 
should be incorporated systematically rather than in a patchy and uneven way across the provinces 
and the whole country. In addition, provincial governments have taken initiatives by providing financial 
resources in integrating ventures like electronic medical records and digital and filmless imaging 
systems [19]. On the other hand, it is significant that more is being achieved as the healthcare 
industry embraces information and communication technology. It recognizes that the full force of the 
impact will be felt in the next decades [20]. In this aspect, the influence of information technology on 
human resources in the healthcare sector needs to be considered properly. 
 
Use of information technology has brought a massive change in the healthcare recruitment process. 
[21] state that social media recruitment and application tracking systems make the process of 
recruitment faster and more cost-effective. The key thing to remember with social media is not to               
rely on it alone. One needs to create a binding relationship with potential clients. However, social 
media helps to make communication easier and faster with the candidates in the recruitment           
process. In addition, social media helps to find candidates from different countries. Application 
tracking can be the most useful tool, and it has had a technological impact on the recruitment system. 
It is a great tool for scanning resumes and finding matches. It speeds up the process and makes it 
much easier. 
 
Table 1 shows that all of the outcomes of using IT for recruitment categories in healthcare 
organizations were significant, where the p-value for each item was less than 0.05 and the total mean 
was 20.25 by SD 3.22. 
 

 In this table, point no (1) gets the highest value of Mean±SD (4.492±0.718). 
 And point no (2) gets the lowest value with Mean±SD (3.569±1.154).  

 
The data presented in Table 4 clearly show that the mean value generated for using IT can bring 
transparency to the healthcare system, whereas the role of social media generates a mean value of 
3.569. On the other hand, a previous study relating to the effectiveness of applying information 
technology in the healthcare system indicates that the security issue is a major concern [22]. The 
result is a contrast between the two studies. However, statistical analysis proves that a greater 
number of respondents think that adopting IT can be helpful for organizations to bring effectiveness 
into the system. 
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Table 1. The impact of outcome on recruitment in the healthcare organizations (n=130) 
 
No Statement Mean SD Chi-square P-

value X
2
 DF 

1 Use of IT can bring transparency to the healthcare recruitment system 4.492 0.718 110.308 3 0.000 
22 Use of IT platforms like social media in the recruitment selection procedure may hamper data privacy of 

an individual 
3.569 1.154 40.000 4 0.000 

3 Use of IT would be helpful in screening and shortlisting employees 3.985 0.932 29.077 3 0.000 
44 Social network assists in the selection of the right employees 4.077 0.937 88.231 4 0.000 
5 IT platforms are helpful to the overall recruitment procedure in the 

healthcare organization 
4.123 0.940 91.231 4 0.000 

Total  4.05 3.22    
*significant at P-value less than 0.05 

 
Table 2. The impact of quality on recruitment in the healthcare organization (n=130) 

 
No Statement Mean SD Chi-square P-

value X2 DF 
1 The present recruitment process in your organization is of sufficient quality 3.762 1.167 42.231 4 0.000 
2 IT  platforms  bring  more  opportunity  as  well  as  diversity  to  the organizations for selecting 

qualified employees 
3.962 0.918 95.923 4 0.000 

3 Using IT in the healthcare recruitment system allows you to meet the current needs of your 
organization in maintaining quality 

3.977 0.992 71.077 4 0.000 

4 Healthcare staff need to be technically advanced along with having core expertise to provide quality 
care in the healthcare system 

4.054 0.959 91.462 4 0.000 

5 Transparency in the recruitment system with the help of IT can be helpful in providing quality care to 
service users 

4.092 0.935 98.385 4 0.000 

Total  3.97 3.59    
*significant at P-value less than 0.05 
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3.7 Quality 
 
It is important for a healthcare organization to provide a quality care service for service users. From a 
human-resources viewpoint, some implications of the technology can be listed as follows [19]. There 
will be a growing need for medical informatics specialists with experience of the medical field, and 
vice versa. These must be properly trained, as they will encounter the complicated ICT requirements 
of healthcare organizations. 
 
The composition of healthcare teams will change as information and communication technology acts 
as an important role player and is considered as increasingly important in medical care. Smaller 
systems for organizations need to provide a smaller number of physicians who will be capable of 
overseeing the care of larger numbers of patients and procedures [20]. A smaller number of 
physicians would be capable of supporting the system. Currently, some experts assume that medical 
care has become increasingly reliant on technology. 
 
Table 2 shows that overall the impact on quality of using IT for recruitment in healthcare organization 
items was significant, where the p-value for each item was less than 0.05 and the total mean was 
19.85 by SD (3.59). 
 

 Also, in this table point no (5) gets the highest value, with Mean±SD (4.092±0.935). 
 And point no (1) gets the lowest value, with Mean±SD (3.762±1.167). 

 
The Percentage of Agreement Regarding Quality table indicates that the mean value of meeting 
quality needs with the present recruitment system is 3.762, whereas the SD value is 1.167. In 
contrast, regarding the question of IT platforms providing more scope and diversity for the selection of 
qualified staff, participants responded with a 3.962 mean value and a 0.918 SD value. The previous 
study implicating m-health clearly shows its effectiveness and capacity to meet quality needs in the 
organizations [23]. Hence, the total mean value (19.85) and SD value (3.59) support the statement 
that deploying IT in the healthcare recruitment system will meeting quality requirements. 
 

3.8 Communication 
 

IT helps to develop clear, consistent and timely procedures for communicating with applicants and for 
hiring the right employees in the healthcare recruitment process. Documentation of the procedures 
and decision-making stages in the recruitment process requires written or verbal communication. Use 
of information technology makes this communication faster and easier through social media sites and 
other communication mediums like email. 
 

At the same time, automated communication helps to preserve records and emails as the applicants 
are moved through distinct stages in the recruitment procedure. Tracking all communication makes an 
application tracking system highly valuable [24]. In addition, effective communication with the 
applicants helps to keeping hiring managers as well as other employees informed regarding the 
status of open positions. It protects the organizations against false accusations or legal repercussions 
if candidates misinterpret communications. Hence, the use of IT is helpful to develop effective 
communication with the candidates in the recruitment process. 
 

There are several ways through which communication in healthcare services can be improved upon, 
explained as follows: 
 

Social media recruiting: Even though social media recruitment is not considered as something new, 
either in content or style, there are a couple of social media approaches that have become better 
known since 2014 and did precede it. One incorporates virtual meetings through video, as well as 
involving a web-based networking profile maintained on social media, which is a major facet of the job 
application when compared with the manual approach to screening the applicants for recruitment. 
This may be the most significant approach to using online networking, which in turn serves as a 
referral source to judge the candidate [9]. As many as 30% of organizations and more have seen a 
recognizable growth in their referral applicants, once hired through social registering. Referral 
hopefuls are observed to be the ones who have low job turnover and who remain with the 
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organization for a long time, fulfilling the responsibilities of their position in the most professional 
manner. 
 
On the other hand, the enormous trap with online networking is failing to identify customers;                       
an organization has to make sure that it has an association with potential customers [21]. Online 
networking does not mean not conversing with hopefuls, or that web-based social networking 
selection is free: This is because the stages can utilize a lot of resources. Social enrolling has its own 
arrangement of best practices, much like the enlisting procedure itself. 
 

Application Tracking Systems: Application Tracking Systems make up one of the most 
accommodating technologies in the sector. Selection representatives and contracting supervisors 
often state that it is an extraordinary instrument for checking resumes as well as finding matches. In 
view of this, an ATS (Application Tracking System) can be best used through application of a well-
prepared contractor’s eye along with relevant innovation. 
 

Mobile recruiting: More than 60% of recruiters stated that mobile recruitment was considered the 
best pattern for 2014. At any rate, the occupation page should be enhanced to demonstrate the 
versatile capability to perform a task through experience. This enables recruiters to identify latent 
competitors much more effortlessly. Equally, in the event that it is done well, it provides an excellent 
snapshot of the candidate. 61% of individuals present said that they had a greater perception of the 
brand when considering the developing versatile experience outlook [25]. In the past, the profession 
page as well as the page of managers had to consider improving different parts of the resourceful 
client encounter. This would combine to create a multipurpose benevolent application process and 
augmenting heap times in contrast to reasonable prospects. The components decrease the number of 
prospective challengers in cases where they are not quick and user friendly. 
 

Job boards and career pages: This specific part of selection as well as the implications of 
technology are not considered in their latest form. The calculations for the sheets of employment are 
more than 15 years old, as are the professions pages. These are acceptable for setting up the sites. 
On the other hand, technology has proved that the new system will supersede employment sheets 
and vocation pages. These are the changing processes of using the enlisting devices [26]. Several 
enrolling methods direct users to the profession pages as well as the positions that are posted by the 
working manager. Online network sharing of messages can be received through portable platforms. 
 

4. DEVELOPING EFFECTIVE COMMUNICATION 
 

It has been considered that there are a wide range of ICTs, which are computerized gadgets used by 
attendants as a route for providing medical services. These separate e-health portals (i.e., the 
utilization of developing data and communication technology, particularly the internet, to enhance or 
empower health and human services) into four areas: Management systems, communication 
systems, computerized decision support systems and information systems. Each of them will be 
clarified as follows: 
 

4.1 Management Systems 
 

Management Systems are PC-based frameworks for procuring, securing, transmitting and displaying 
managerial or health information from various sources, which can support regulatory or clinical 
exercises. Management systems incorporate ICTs, for example electronic health records and 
individual (patients) health records. 

 

4.2 Communication Systems 
 
Communication Systems are media telecommunication systems utilized when clients are far away 
geographically as well as in time. This sort of communication happens in a synchronous or non-
concurrent path, between health experts or between health experts and patients [9]. It includes a 
focused-on sharing of data between particular people, or between people who assume unmistakable 
parts for demonstrative, administrative, advising, instructive, or bolster purposes. There is an 
extensive variety of correspondence frameworks, from email and advanced mobile phones through to 
tele-medicine and tele-care systems. 
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Table 3. The impact of communication on recruitment in the healthcare organization (n=130) 
 
NO Statement Mean SD Chi-square P-value 

X
2
 DF 

1 Social media has an important role to play in improving communication 3.977 1.074 70.000 4 0.000 
in the healthcare recruitment system 

2 Email, social media and other electronic mediums are more effective than 4.169 0.949 102.846 4 0.000 
traditional communication systems in the organization 

3 Use of IT mediums can lead to security issues in communication systems 4.108 0.847 107.000 4 0.000 
4 Use of IT is more expensive than traditional systems used in healthcare organizations 3.585 1.206 26.154 4 0.000 
5 Use of IT platforms and applications will be the only method in the future 4.062 0.971 90.692 4 0.000 

recruitment process 
Total  3.98 3.45    

*significant at P-value less than 0.05 

 
Table 4. The responses regarding the recruitment process 

 
NO   Statement Mean SD Chi-square P-value 

X
2
 DF 

1 Implementing IT in the recruitment system can provide competitive advantage in the 
system 

4.108 0.874 100.615 4 0.000 

2 Present trends in IT development allow qualified aspirants to present their skills and 
qualifications in IT platforms 

4.077 0.886 109.462 4 0.000 

3 Advertisements on social media and through email are the most effective ways to recruit 
in the healthcare organization 

3.908 0.849 46.923 4 0.000 

4 IT platforms can be helpful in improving the screening, interviewing, assessment, 
induction and selection processes 

4.038 0.839 120.154 4 0.000 

5 Use of IT platforms can be helpful in bringing advantages over traditional recruitment 
systems 

4.038 0.884 42.123 4 0.000 

Total  3 3.98 3.45    
*significant at P-value less than 0.05 
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Table 5. The multiple regressions between the dependent and independent variables 
 

Regression Unstandardized coefficients Standardized coefficients ANOVA T-test R
2
 

B Std. Error Beta F P-value t Sig. 
(Constant) 4.851 1.437    3.376 0.001  
The outcome of using IT in recruitment 
in the healthcare organization 

0.019 0.075 0.020   0.259 0.796  
        

The quality of using IT in recruitment in the 
healthcare organization 

0.010 0.069 0.012   0.145 0.885  
   35.023 0.000   52.80% 

The effect of using IT in recruitment on 
communication in the healthcare organization 

0.336 0.068 0.376   4.952 0.000  

The  effectiveness  of  using  IT in recruitment in 
the healthcare organization 

0.407 0.072 0.441   5.688 0.000  
        

Dependent Variable: The effect of IT on recruitment in the healthcare organization *significant at P-value less than 0.05 

 
Table 6. The value of mean and SD and chi squared for each variable 

 
Variables Mean SD Rank X

2 
DF P-Value 

The outcome of using IT on recruitment in the healthcare organization 4.05 3.2 1 93.800 2 <0.001* 
The quality of using IT in recruitment in the healthcare organization 3.97 3.59 4 107.185 2 <0.001* 
The effect of using IT in recruitment on communication in the healthcare organization 3.98 3.45 3 122.092 2 <0.001* 
The effectiveness of using IT on recruitment in the healthcare organization 4.034 .34 5 100.815 2 <0.001* 
The effect of IT on recruitment in the healthcare organization Dependent Variable     
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4.3 Computerized Decision Support Systems 
 
These systems allude to a PC-based framework which is mechanized and intended to help health 
experts rehearse inside clinical rules and healthcare pathways, or to give best proof of care. These 
sorts of frameworks are normally operated continuously and include choices to help that originate 
from computerized reasoning. 

 
4.4 Information Systems 
 
These systems are characterized by the utilization of web-based innovation to achieve access to 
various data assets, for example, health and way-of-life data. The data stay at a general level and are 
not customized to individual needs. Online assets and e-health entries for recovering data are 
utilizations of data systems. 
 
Table 3 shows that all of the effects of using IT in recruitment in healthcare on communication items 
were significant, where the p-value for each item was less than 0.05 and the total mean was 19.90 by 
SD (3.45). 
 

 In this table, point no (2) gets the highest value with Mean±SD (4.169±0.494). 
 And point no (4) gets the lowest value with Mean±SD (3.585±1.206). 

 
The table showing the percentages of agreement regarding communication shows that the total mean 
value is 19.90 and the SD value is 3.45. This proves that social media has a significant role to play in 
improving communication in the healthcare recruitment system by implementing information 
technology in the recruitment system. A previous study examining improvement of communication by 
implementing IT produced results that suggested increased effectiveness in communication [26]. This 
is in line with our results. 
 

4.5 Effectiveness 
 
In the present day, there is a global competent workforce crisis, which is based on irregular 
characteristics. Several states are facing the dilemma of a lack of medical caretakers, specialists, 
dental specialists, physiotherapists, drug specialists and other capable workers. Concurrently, for 
quite a few countries these deficiencies co-exist with jobless and under-employed wellbeing experts 
because of financing deficiencies, geographical obstacles and arrangement insufficiencies between 
the supply of wellbeing suppliers and the concerns of their supervisors [27]. The causes of the 
emergency are thus diverse and multifaceted, yet the pivotal reasons they share are underprivileged 
workplaces and the poorly managed administrative atmosphere that evidences numerous working 
hindrances. 
 
The ongoing under-investment crisis in the wellbeing and health industry, combined with 
unsatisfactory business arrangements and conditions (for example, inadequate compensation; 
troublesome work-life balance; unrealistic workloads; restricted vocation advancement openings), 
have initiated a disintegration of working conditions for wellbeing experts in several nations. There is 
strong evidence that this has had a direct negative consequence on the maintenance and enrolment 
of health experts. Considering the operation and efficiency of wellbeing offices helps in understanding 
results [20]. Effective recruitment with the help of IT systems can be helpful to the organization in 
gaining competitive advantage to offset these problems. 
 

4.6 Impact of IT on Healthcare Recruitment 
 
Technology is not considered as merely something that every individual relies upon to complete 
mundane tasks and to remain connected. Rather, it also influences the processes by which 
businesses select staff of good ability and excellent managers [20]. Several recruiting designs were 
applied in the 2014 project that either invested in new technology, which would ultimately affect 
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selection, or would present technology registering styles that will persist as a genuine nightmare in the 
upcoming year. 
 

4.7 Challenges for Implementing IT in Healthcare Recruitment 
 
Acquiring and implementing information technology can be challenging in the healthcare recruitment 
process. Organizations face difficulties in applying IT in the recruitment process. On the other hand, 
managing change is different from training. Thus, additional support needs to be available after 
providing training to help managers clearly explain the process to employees in order to discuss 
changes. Evaluating the quality as well as the accuracy of information is vital for using IT in the 
healthcare recruitment process. Those organizations that adopt IT for the first time in their recruitment 
process face a challenge to maintain the quality and accuracy of the information it provides. In 
addition, the cost issue is one of the major challenges for implementing IT in the healthcare 
recruitment process. Technology can likewise bring concealed perils if people are not careful. 
Information on websites is known for this. However, it can divert an endless stream of useful 
information that can be accessible online. It is important to note that WebMD is an asset to be used 
properly. There are some cases where technology can manipulate results. It is important to select the 
most effective processes by choosing the most suitable technology for them. At the same time, 
complying with legal requirements is a major challenge for healthcare organizations wishing to 
implement IT in the recruitment process. 
 

It can be summarized that IT has an important role to play in the recruitment system of an 
organization. Healthcare services, as an industry, is almost the absolute opposite of enlisting: as 
healthcare professionals are naturally held in high regard and innately trusted, while their ability or 
judgment goes unchallenged. We put our lives in their grasp. On the other hand, IT has an important 
role to play in the overall recruitment system in healthcare that is explained in the research. 
 

Table 4 shows that every effect of IT on recruitment items in healthcare organizations were significant, 
where the p-value for each item was less than 0.05 and the total mean was 20.17 by SD (3.08). 
 

 In this table, point no (1) gets the highest value with Mean±SD (4.108±0.874). 
 And point no (3) gets the lowest value with Mean±SD (3.908±0.849). 

 

The significant P-value suggests the effectiveness of IT in healthcare organizations. The previous 
study’s results suggested that there are also some issues in deploying IT in healthcare organizations 
[19]. However, present trends in IT development allow qualified aspirants to present their skills and 
qualifications in IT platforms and that advertisement on social media and through email are the most 
effective ways of recruiting staff in healthcare organizations, which clearly indicates the effectiveness 
of IT in healthcare organizations. 
 

Table 5 shows that there is a significant model detailing the effect of IT on recruitment in the 
healthcare organization, the ‘Dependent Variable’: The outcome of using IT in recruitment in the 
healthcare organization; the quality of using IT in recruitment in the healthcare organization; the effect 
of using IT in recruitment in healthcare on communication; and the effectiveness of using IT in 
recruitment in the healthcare organization, where F=35.023 and P-value<0.001 are less than 0.05 
with the coefficient of determination 52.80%. The effect of using IT in recruitment in healthcare on 
communication and the effectiveness of using IT on recruitment in the healthcare organization explain 
the change to the dependent variable with the percentage 52.8% and found that the variable outcome 
of using IT in recruitment in the healthcare organization and the variable the quality of using IT in 
recruitment in the healthcare organization have no effect, where the value of significance is greater 
than 0.05, respectively 0.796 and 0.885. 
 

Table 6 shows that the independent variable (the outcome of using IT in recruitment in the healthcare 
organization) gets the highest value, with a Mean±SD (20.25±3.2). That indicates that there is a very 
strong relationship between the outcome and the effect of using IT in the healthcare recruitment 
system. Also, it clarifies the relationship between the dependent variable and the independent 
variables and shows that there is a strong relationship between them. That means there will be a 
great impact if healthcare organizations apply this system internally. 
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The advancement in the IT industry has helped in maintaining job allocation to candidates. This 
research depicts the effect of IT on recruitment in the healthcare industry. 
 
The HRM work done in organizations has an expanding important accentuation alongside the 
significance of the HRM arrangement, and business techniques are very much recognized. Indeed, 
powerful HRM is the key requisite to keep in mind for meeting the demand of service users for 
qualified workers. 
 

5. CONCLUSIONS  
 
As the research is based on the impact of using IT in the healthcare recruitment process, four 
variables have been taken into account: effectiveness, quality, outcome and communication. 
Accordingly, we have four hypotheses we want to discuss in relation to our analysis. 
 

 The results show that using information technology will be very useful in the recruitment 
process because it will provide a better outcome than traditional methods. 

 Also, they show that there will be improvement in the quality of recruitment when information 
technology is used in the recruitment process. 

 We have found that there will be a small improvement in communication when IT is used in 
the recruitment processes instead of the traditional way. 

 Finally, the results show that using IT in the recruitment process will be much more effective 
than the traditional way. 

 
In order to overcome the issues faced while implementing information technology and its application 
in the healthcare recruitment process, the following points need to be considered. 

 
• As outcome is one of the major components in the healthcare industry recruitment system, 

the applications for providing care must not vary between institutions. 
• In order to improve quality in the healthcare recruitment process, it is necessary to implement 

IT applications in the proper way. For instance, those applications that have security issues 
and may lead to data leakage of candidates must be avoided. 

• Using social media could be useful for enhancing communication in the healthcare 
recruitment process. 

• The government has an important role to play in setting up standards for organizations. 
Adhering to these standards will be helpful in ensuring the effectiveness of the system. 
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ABSTRACT 
 

Diabetes mellitus is a major public health problem that can cause a number of serious complications. 
Foot ulceration is one of its most common complications. Poor foot care knowledge and practices are 
important risk factors for foot problems among diabetics. The present study was undertaken in the 
diabetes outpatient department of a tertiary care hospital to assess the practices regarding foot care 
in diabetes, find out the determinants of foot ulcer in diabetics, and offer suggestions to improve care. 
After informed consent, a total of 124 diabetics were interviewed to collect all relevant information. 
The diabetic foot care practice responses were converted into scores and for the sake of analysis 
were inferred as poor (0–5), fair (6-7) and good (>7) practices. Of the study population, 68.5% 
(85/124) consisted of men. The disease was diagnosed within the last 5 years for 66% (81/124) of the 
study participants. Of the study subjects, 83% (103/124) were on oral hypoglycemic agents (OHAs), 
15.3% (19) on insulin and 2 on diet control only. Among them about 18.5% had a history of foot ulcer. 
37.9% reported using special slippers, 12% diabetics used slippers indoors and 66.9% used slippers 
while using toilet. Of the study subjects, 67.8% said that feet should be inspected daily. 27.4% said 
they regularly applied oil/moisturizer on their feet. There is a need on part of the primary or secondary 
physician and an active participation of the patient to receive education about foot care as well as 
awareness regarding risk factors, recognition, clinical evaluation and thus prevention of the 
complications of diabetes. 
 
Keywords: Diabetics; foot care; infection; treatment; tertiary care hospital; public health. 
 
1. INTRODUCTION 
 
Diabetes mellitus (DM) is a major public health problem depicting a rising prevalence worldwide. 
Currently, there are an estimated 366 million people affected with diabetes mellitus globally. India is 
estimated to have 61.3 million diabetics, which is projected to cross 100 million by the year 2030 [1]. 
Diabetes mellitus is a multifaceted disease and foot ulceration is one of its most common 
complications. Foot ulcers can cause severe disability and hospitalization to patients and considerable 
economic burden to families and health systems [1,2]. Infection occurring in about half of the diabetic 
foot ulcers is a further complication. Of all the complications of diabetes, those that occur in the foot 
are considered the most preventable [3]. Poor knowledge of foot care and poor foot care practices 
were identified as important risk factors for foot problems in diabetes. Evidence suggests that 
consistent patient education with prophylactic foot care for those judged to be at high risk may reduce 
foot ulceration and amputations. 
 
State of Odisha in India has a remarkable prevalence of diabetes with urban prevalence of 15.7% [4]. 
The capital of the state, that is, Bhubaneswar, has four tertiary care hospitals, with one being 
government and the remaining three private. Kalinga Institute of Medical Sciences (KIMS) is a state-



 
 
 

Current Trends in Disease and Health Vol. 3 
Infection and Foot Care in Diabetics Seeking Treatment in a Tertiary Care Hospital, Bhubaneswar, Odisha State, India 

 
 

 
151 

 

of-the-art private center which harbors a medical college along with facilities for super specialist care. 
It has an actively functional diabetic clinic with a trained diabetologist. There is a dearth of studies in 
Odisha, which assessed the diabetic foot care practice of patients, especially in tertiary care setting. 
With this background the current study was planned in the Diabetes OPD of tertiary care hospital 
KIMS. 
 

2. METHODOLOGY 
 
The study was a hospital based study conducted as a part of a bigger study on skin infections 
wherein diabetic foot care assessment was undertaken among the attendees of the diabetes OPD of 
KIMS (conducted in October–December 2014, i.e., one quarter of a year). As specified the 
assessment aimed at knowing the current foot care practices among the diabetics attending the clinic 
and through a detailed questionnaire also finds out the determinants of foot ulcer in this population. 
Ethical clearance was sought from the Institutional Ethics and Research Committee to undertake the 
study. 
 

The inclusion criteria were set as known cases of type 2 diabetes aged 30 years and above, 
diagnosed with the disease since at least one-year duration and visiting the diabetic out-patient clinic. 
Those with cognitive impairment and disability that could affect the functions of the nervous system 
affect independent self-care behavior, and those who had amputations of the lower limbs [4] and not 
willing to participate were excluded from the study. All such eligible patients were taken as the study 
subjects after due informed consent till the desired sample size was achieved. Assuming that 50% of 
the diabetics had reasonable knowledge about various factors associated with the disease and that 
we require a precision of 10%, the sample size is calculated as 
 

                                                                                     (1) 
 

Considering 10% as nonresponse rate, total study subjects interviewed were 124. 
 

A predesigned pretested semistructured questionnaire certified by the diabetologist at KIMS and 
translated in local languages like Oriya and Hindi was used, which consisted of sections pertaining to 
socioeconomic details, awareness regarding diabetes, treatment modalities and compliance, practice 
of self-care of feet and feet examination details. Sur-vey instrument regarding diabetic foot care 
practices was modified and adapted from questionnaire used in previous studies [4–8]. 
 

The operational definition of foot ulcer for this study was taken as “a breakdown in the skin below the 
ankle that may extend to involve the subcutaneous tissue or even to the level of muscle or bone 
which is non-healing or poorly healing” [9,10]. 

 

The diabetic foot care practice responses were converted into scores and for the sake of analysis 
were inferred as poor (0–5), fair (6-7), and good (>7) practices. Association between poor diabetic 
foot care practices, knowledge and health seeking behavior, and history of foot ulcer was explored. 
Patients were asked if they were ever counseled by doctor regarding footcare and use of educational 
charts for the same by the health provider was also explored. Data was collated and subsequently 
analyzed using Epi info 7. 
 

3. RESULTS 
 

Table 1 depicts the mean age of the study participants was 60.6 ± 9.13 years, with nearly 58% of 
them having a higher secondary level education and above. Of the study population, 68.5% 
consisted of male participants, hinting at a male predominance of the disease, though the 
underreporting among females or hesitance to seek health care on their behalf cannot be ruled out. 
Of the study participants, 5.6% had not received any formal education. Housewives accounted for 
56.4% (22/39) of the female study participants, unskilled workers 10.4% and farmers, shop owners, 
and clerical job holders 9.6% of study participants. 
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Table 1. Sociodemographic profile of the respondent diabetics (= 124) 
 

Parameters Number Percentage/mean ± sd 
Age in years 124 60.6 ±9.13 
Gender   

Male 85 68.5 
Female 39 31.4 

Education   
Illiterate 07 5.6 
Primary 43 34.6 
Secondary 2 1.6 
Higher secondary 54 43.5 

Graduate and above 18 14.5 
Occupation   
Unemployed 2 1.6 
Unskilled 13 10.4 
Semiskilled and skilled 35 28.2 
Clerical, shop owner, and farmer 12 9.6 
Semiprofessional 12 9.6 
Housewife 22 17.7 (56.4% of female subjects) 
Retired 28 22.5 

 

Table 2. Details of disease and treatment among study subjects 
 

Demographic details Categories Number (= 124) Percentage 

Duration of illness 
(diabetes) 

<5 years 82 66.1 
>5 years 42 33.8 

 

Age at diagnosis 
<50 years 84 67.7 
>50 years 40 32.2 

 
Treatment 

Diet control 2 1.6 
Drugs 103 83 
Insulin 19 15.3 

 

Treatment regularity 
Regular 90 72.5 
Irregular 34 27.4 

 

Foot ulcer (past/present) 
Yes 23 18.5 
No 101 81.4 

 

Physical activity/exercise 
Yes 52 41.9 
No 72 58.1 

 

Table 3. Possible determinants of foot ulcer in diabetics 
 
Determinants of foot care in 
diabetics 

Hx of foot ulcer/current 
ulcer 

No foot ulcer Odds ratio  
(95% CI) 

Duration of diabetes    
<5 years 12 70 0.48 (0.19–1.21) 
>5 years 11 31  

Treatment compliance    
Yes 8 82 0.12∗ (0.04–0.33) 
No 15 19  

Foot care practice    
Poor (0–5) 19 58  
Fair and above (6–10) 04 43 3.52∗ (1.11–11.1) 

Counseling on foot care    
Received 9 76 0.21∗ (0.08–0.54) 
Not received 14 25  

∗Significant odds ratio 
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Fig. 1. Foot care practices among study subjects 
 
Table 2 shows that the disease was diagnosed within the last five years for 66% of study 
population. Of the study subjects, 83% (103/124) were on oral hypoglycemic agents (OHAs), 15.3% 
(19) were on insulin, only 41.9% of the study subjects were involved in regular exercise or physical 
activity, and 72.5% of the diabetics were having good treatment compliance. Among the study 
subjects 18.5% (23/124) had a history/current foot ulcer. 

 
Fig. 1 shows that, out of the total study population, only 37.9% reported using special slippers (extra 
cushioned, thick soled) outdoors, and only 12% diabetics used footwear indoors though 66.9% used 
slippers while using toilet. Of the study subjects, 67.7% said that feet should be inspected daily. 
27.4% said they regularly applied oil/moisturizer on their feet. Among them, 83.8% reported change of 
footwear when damaged or ill-fitted and 45.1% reported taking extra care in winter. 54% and 23.3% of 
subjects reported regular nail trimming and toe space examination regularly, respectively. However 
79% of the subjects reported daily washing and drying of feet. 
 
After cumulative scoring, 61.6%, 32%, and only 5.6% of the patients had a poor, fair and good 
diabetic foot care practice. 

 
Table 3 shows that poor foot care practice (OR 3.52, 95% CI 1.11–11.1), treatment noncompliance 
(OR 0.12, 95% CI 0.04–0.33), and absence of counseling regarding foot care (OR 0.21, 95% CI 0.08–
0.54) in diabetes were significantly associated with occurrence of foot ulcer in diabetics. 
 
4. DISCUSSION AND CONCLUSION 
 
The important findings of the study are that the majority of the participants were males (68.5%). This 
could be attributed to the fact that perhaps males have a comparatively better health seeking behavior 
as compared to females. Nearly 58% participants were with higher secondary level education and 
above and this could be explained as the study was undertaken in a tertiary care centre in a city. 
Nearly 18.5% of the study subjects reported having foot ulcer. 67.7% reported daily foot inspection 
and 37.9% reported using special slippers outdoors. However, only 12% of the participants used 
slippers indoors which could be because of cultural practices. The deficiency in foot care practices in 
the present study is comparable to similar studies in India and other developing countries where daily 
inspection of the feet is reported by less than 70% and special care in winters is taken by less than 
50% of patients [4–6]. In our study, absence of counseling and poor foot care practices were 
significant determinants of presence of foot ulcer. 
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Regular blood glucose monitoring and compliance to diet and life-style advice were found to be 
comparatively better in the present study. This is in line with an earlier finding that foot care and        
health education were least suggested by doctors [11]. This suggests a tip of the iceberg as                        
the study is being undertaken in a city based tertiary care center and now India has become the 
largest diabetic load country in the world where nearly 70% of the population are from the rural 
background. 
 
Findings can be used to guide a health education program on foot care for diabetics. Emphasis 
should be laid on such deficient areas by health education and misconceptions should be cleared. 
This study has few limitations. This is a hospital based study, the results of which do not reflect the 
awareness and practices in the community. There is a need on part of the doctor and an active 
participation of the patient to receive education about foot care as well as awareness regarding risk 
factor recognition, clinical evaluation, and prevention of complications of diabetes. 
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