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Characterization of a Mumps Virus Outbreak in Al-Arroub Refugee 
Camp, Palestine 2016 

By Natalie Anwar Alarja 
 

ABSTRACT  

Mumps virus (MuV) is highly contagious. It is one of the causes of parotitis, 

and in some, less frequent cases, meningitis, and orchitis. In the past two 

years, MuV has made a comeback in Palestine. In this thesis, the spread of 

MuV in the specific area of Al-Arroub Refugee Camp, South of Palestine, was 

tackled. This study was designed to affirm that MuV was the cause behind an 

outbreak that took place in the area in 2016. Real-time Polymerase Chain 

Reaction (qPCR) and serology tests were performed on MuV suspected 

patients. qPCR was performed on 94 MuV oral swabs and serology tests 

were performed on 89 blood samples. In addition, there was a control group 

of 99 participants for whom the serology tests were implemented. The 

serology tests were divided into MuV IgG and IgM antibodies tests. Both test 

results were presented in percentages, where the qPCR results were 76.6% 

positive for MuV RNA. The serology tests results came out 22.5% IgM 

positive and 76.4% IgG positive. The IgG serology test underwent further 

analysis using the t-test, where the results of the control group were 

significantly different from the MuV-suspected group (p< 0.0001). The PCR 

test results supported the hypothesis that MuV was indeed behind 76.6% of 

the outbreak’s tested patients, unlike the serology IgM test. Therefore, 

additional research was needed to explain the latter conclusion, which turned 

out to be that there was a secondary MuV-vaccine failure in 53% of the tested 

suspects. The IgG t-test indirectly supported the previously mentioned 

hypothesis. Moreover, in an attempt to identify the genotype of the MuV, 

MuV’s SH gene was sequenced, where genotype G was the outcome. Finally, 

three biochemical markers; C- Reactive Protein (CRP), Amylase and Lipase, 

were investigated in the aim of discovering an association between the MuV 

infection and the elevated presence of those markers in the blood. Amylase 
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was the only significant marker in the MuV suspected group, as opposed to 

the control group. We highly recommend that a catch up (Measles, Mumps, 

and Rubella) MMR vaccination campaign be implemented to boost the 

immunity against MuV in all the individuals with a previous single dose of 

MMR. This will minimize the chance of any future MuV outbreak by providing 

a higher level of immunization.  
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	فلسطيین  	لالجئيین٬،  	االعرووبب  	مخيیم  	في  	االنكافف  	فيیرووسس  	تفشي  	ووصف  2016  

االعرجا  	أأنورر  	نتالي  

 االملخصص

لنكافف برر فيیررووسس اا هھال   (MuV)يیُعت يیجعلل إإنتشاررهه س ا٬ً، مما  دديی ا مع يیررووس منن ف  ً يیررووسس ووااحدداا يیُعدد هھھھذذاا االف للغايیة. وو

ابب االغددةة االنكافيیة ّبة إللتهھ لمسب ٬، ووفي بعضض االحاالتت االقليیلة إإلتهھابب االسحايیا  (Parotitis)االعووااملل اا

(Meningitis)  وواالخصيیتيینن(Orchitis) .  يینن في االسنت لسططيینن  يیدد إإلى ف لفيیررووسس منن جدد ددةة هھھھذذاا اا ّ عوو إإنن

االماضيیتيینن في جعلل االبحثث فيیهھ أأمرراا في غايیة ااأل   لفيیررووسس تحدديیدداا  ارر هھھھذذاا اا تش هه ااألططررووحة بمعالجة إإن مم هھھھذذ ّة. فتقوو هھھھميی

ااء  االسببب وورر نن  االفيیررووسس كا اا  دد بأنن هھھھذذ تأكيی يینن٬، ووتهھددفف إإلى اال فلسطط ااقع في جنووبب  لعرروّوبب لالّجئيینن االوو ّمم اا قة مخيی منطط

في عامم  االمنططقة  هھ تلكك  لذذيي تعررّضتت ل لمررضض اا ّي اا فش  سللاالبووليیميیرراازز االمتسل تفاعللإإختبارر . تمم إإجررااء ٦١۱٢۲٠۰ت

(Polymerase Chain Reaction)  حالة منن االمشتبهھ بحملهھا  ٩۹٤ منن عيیناتت مسحة االفموويیة على

لى  ٨۸٩۹على    (Serology)للفيیررووسس ووإإجررااء إإختبارر االمصلل لمصلل ع ارر اا تب إإجررااء إإخ  ً مم أأيیضا ا ووت يینن. كم آآخرر

منن  ّنة  ااتت  ٩۹٩۹مجمووعة مررجعيیة مكوو تبارر االمصلل إإلى إإخ ّمم إإختبارر  ُس االجلووبووليینن شخصص. عالووةة على ذذلكك٬، ق

االمناعيیة  (IgG) “G”  وو(IgM) “M”    منن نتائج ٧۷٦.٤تمم عررضض نتائج كال ااإلختبارريینن بالنسبب االمئوويیة؛ ٪

٪ منهھا إإيیجابيیا للجلووبووليینن ٢۲٢۲.٥ااإلختبارر ااألوولل كانتت إإيیجابيیة لفيیررووسس االنكافف. أأما نتائج إإختباررااتت االمصلل فكانن 

٪ إإيیجابيیا ٧۷٦.٤وو   Mاالمناعي لمززيیدد منن   Gخضع إإختبارر االمصلل للجلووبووليینن االمناعي .G للجلووبووليینن االمناعي  

٬، حيیثث كانتت نتائج االمجمووعة االمررجعيیة مختلفة بشكلل ملحووظظ عنن نتائج  test)-(t االتحليیلل بووااسططة ااختبارر تي

نتائج إإختبارر تفاعلل االبوولمرريیزز االتسلسلي ددااعمة  كانتت.P) > 0010.0 (سس االمجمووعة االمشتبهھ بحملهھا للفيیرروو

تأكّ  ّة االتي  ارر للفررضيی ما نتج عنن ااختب ّي االمررضض٬، على عكسس  فش ااء ت االسببب وورر افف هھھھوو  نك اال فيیررووسس  لى أأنن  دد ع

االتي كشفتت عنن  . Mاالمناعياالجلووبووليینن  يیّة٬، وو ااء ددررااساتت إإضاف ااألمرر ضررووررةة إإجرر يیجة٬، ااستددعى  االنت لتفسيیرر هھھھذذهه 

نتائج ااختبارر٪ منن االحاالتت االمشتبهھ بإصابتهھا بالفيیررووسس. كانتت ٥٣۳فشلل ثانوويي في لقاحح فيیررووسس االنكافف عندد  تي -

يیدد تسلسلل   Gللجلووبووبيینن االمناعي تمم تحدد لكك٬،  يیضا. إإضافة إإلى ذذ ابقة أأ لس لفررضيیة اا باشرر ل يیرر م بشكلل غ  ً ااعمة دد

االخاصص بفايیررووسس االنكافف بهھددفف تحدديیدد االنووعع االجيیني للفيیررووسس٬، ووكانتت االنتيیجة هھھھي   SHاالحمضض االنوووويي لجيینن

شررااتت حيی . G  االنووعع االجيیني ة مؤؤ في ثالث بحثث  مم اال رراا٬ً، ت  e Reactiv-(Cااإلررتكاسي  Cوويیة كيیميیائيیة: بررووتيیننأأخيی

Protein) ٬، ووأأميیالزز  (Amylase)ززيیيیب٬، ووال  (Lipase).  ووكانن االهھددفف منن ذذلكك االكشفف عنن رراابطط يیجمع بيینن

مررضض فيیررووسس االنكافف ووااررتفاعع االنسبب لهھذذهه االمؤؤشررااتت في االددمم. وولقدد كانن ااألميیالزز هھھھوو االمؤؤشرر االووحيیدد االمتووااجدد 

االمررجعيیّ ففالتت االمشتبهھ بحملهھا لفيیررووسس االنكابكميیاتت ملحووظظة لددىى االحا لى عكسس االمجمووعة  ووفي االختامم٬،  .ة٬، ع
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 حملة تططعيیمم بأنن يیتمم عمللفي مخيیمم االعررووبب. وونحنن نووصي بشددةة  االنكافف أأجرريینا تحقيیقا شامال في تفشي فيیررووسس

.منن قبلل ووااحددةة تططعيیمم جررعةاالذذيینن تمم تززوويیددهھھھمم بلقبضض على جميیع ااألفرراادد االى اا تهھددفف  
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Chapter 1  

 Introduction 

Mumps is a contagious disease that is caused by mumps virus (MuV). This 

virus belongs to the family Paramyxoviridae, genus Rubulavirus (Kolekar, 

2011). MuV has been circulating worldwide for decades. In fact, it was first 

isolated back in the early nineteen hundred (Johnson et al., 1934). The 

hallmark of MuV is its ability to cause parotitis, which is the inflammation and 

swelling of the salivary glands (parotid gland) present in the buccal cavity 

(McQuone, 1999).  Although parotitis is not unique to MuV, diagnosis is 

usually dependent on it. The symptoms of the disease are variable and range 

from asymptomatic, mild symptoms, to life-threatening complications (Koenig 

et al., 2016). 

The incubation period of MuV can be up to 25 days. However, the average 

duration lasts from 16 to 18 days. MuV can be easily transmitted between 

individuals through either direct contact with the infected person, by exposure 

to saliva droplets or by using contaminated materials.   Therefore, isolation of 

the infected patient is highly recommended as a measurement for preventing 

cross-infection (Koenig et al., 2016). 

MuV is a single-stranded ribonucleic acid (RNA) virus. The whole viral 

genome sequence reaches a length of 15,263 nucleotides and consists of 

seven coding genes.  The genes are the nucleocapsid (NP), phosphoprotein 

(P), matrix (M), fusion (F), small hydrophobic (SH), hemagglutinin-

neuraminidase (HN), and the large (L) gene. (Okafuji et al., 2005). To this 

day, 12 MuV variants have been reported worldwide based on the sequencing 

of the SH gene, which is the most variable sequence between all strains 

(Maganga et al., 2013; Kulkarni-Kale et al., 2007). 

Mumps disease is considered a vaccine-preventable disease. In 1967, the 

first attenuated MuV was produced. After the combination of the measles-

mumps-rubella (MMR) vaccine in 1971, there was an apparent decrease in 

the number of reported cases (Koenig et al., 2016). However, many outbreaks 
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were re-emerging in the late 1980's. As a result, a second dose of the vaccine 

was recommended by the Advisory Committee on Immunization Practices 

(ACIP) (LeBaron et al., 2009). According to the World Health Organization 

(WHO), vaccine coverage has reached 71.6% of the world's countries (WHO, 

2017). Unfortunately, despite the high vaccine coverage, MuV has shown 

several comebacks throughout the years, even in highly vaccinated 

communities (Koenig et al., 2016). 

In 1988, a program was established by the United Nations relief and works 

agency (UNRWA) for supplying the refugee camps in the West Bank, 

Palestine, with one dose of the MMR vaccine (Hindiyeh et al., 2009). 

Nowadays in Palestine, two doses of the vaccine are given with sustainable 

vaccine coverage that had been close to 100% for nearly a decade (UNRWA, 

2017). 

Despite the tremendous vaccine coverage worldwide and in Palestine, many 

MuV outbreaks have emerged. In 2003-2005 an outbreak occurred in some of 

the Palestinian refugee camps that took one dose of MMR. The number of 

reported cases escalated reaching 3,871 cases. As a result, a massive 

vaccine campaign was established in 2005 to stop the spreading of the virus. 

This booster vaccine was able to decrease the rate of incidence of infection 

reaching to 39 cases in 2010. 

On the 25th of March 2016, two MuV cases in Al-Arroub refugee camp clinic, 

with suggestive MuV symptoms, were reported. After only three weeks, 45 

cases were reported followed by another 66 cases in the week after. It was 

evident that the outbreak was spreading among students in Arroub boy’s 

school and Arroub girl's school. The age distribution ranged from 11 to 13 

years old students. This called for an immediate investigation to know the 

causative agent of the outbreak, how it was spreading and how to prevent 

further complications from persisting. 

Two types of samples were taken from patients suspected of having MuV 

infection. To accurately detect the MuV in the patient's saliva, real-time 
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reverse transcription polymerase chain reaction (q-RT-PCR) was performed 

on buccal swabs.  Measuring the immune-globulins IgG and IgM levels in 

blood serum helped in evaluating the levels of immunity against MuV and 

further reinforced the fact that a MuV outbreak was arising. 

Investigation of the outbreak would also include knowing the genotype/s that 

have been circulating in Al-Arroub refugee camp. Sequencing of the SH gene 

was done on several MuV positive RT-PCR samples. Measuring levels of C-

Reactive Protein (CRP), amylase, and lipase in serum and studying their 

correlation with the viral infection would also facilitate the investigation.  

Patients’ medical records that contained all the information needed, including 

the MMR vaccination date and the number of dosages was provided by the 

UNRWA. These information were used to further assist the investigation, by 

analyzing all the gathered data and the obtained results. The records were 

provided after the researchers signed an agreement between the Caritas 

Baby Hospital and UNRWA. The research was approved by the Caritas 

Medical Research Committee and a written approval for conducting the 

investigation was obtained from the UNRWA, appendix 1). 

This thesis aims to use MuV as a model to establish a well-organized route for 

the investigation of an infectious outbreak; this will help in developing a rapid 

and reliable way to identify the presence of the virus and prevent its further 

spreading in a particular population. 
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Chapter 2  

 Literature review 

2.1 History of MuV 

Although mumps disease had been circulating worldwide since ages, the 

causative agent was at first unknown. Back in the year 400 B.C.E, by only the 

observation of illness, Hippocrates (a Greek physician) was able to describe 

the disease and its clinical signs and symptoms in his Book “Of The 

Epidemics” (Drury, 1953). He described a disease that caused swelling in the 

parotid gland accompanied by fever and noticed the infection mostly in 

children but also in adults but to a lesser extent. He also noted that the 

disease happened throughout the year, but the majority of the cases he saw 

occurred in the winter seasons (Hippocrates et al., 1983). When trying to 

determine the causative agent, bacteria were thought to be the reason behind 

the symptoms of the disease. However, when bacteria were isolated from a 

sputum sample of an infected individual with parotitis and inoculated into a 

healthy host, it failed to start the disease, this led to the conclusion that this 

illness must be caused by another agent (Johnson et al., 1934). The fact that 

a virus caused the disease was confirmed by using filters to remove bacteria 

from the samples, then inoculation of the “bacteria-free" sample into a host 

and observing the condition escalate. Johnson and Goodpasture successfully 

achieved that in 1933. Briefly, they used bacterial filters to remove bacteria 

from saliva samples taken from 6 different infected individuals in early stages 

of illness. Then they inoculated them into healthy monkeys. Four of the six 

saliva samples showed a positive result of parotitis (Johnson et al., 1934). 

The next step was to isolate the virus from the saliva samples of MuV infected 

patients. This isolation was achieved by the hard work of Habel in 1945 where 

he was able to cultivate the virus in a hen’s egg (Spooner, 1953).  

In 1966, the first live attenuated MuV was produced and used as a vaccine, 

resulting in a massive decrease in mumps existence worldwide (Buynak, 

1966). Nowadays, this epidemic disease bursts out now and then, especially 
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in small societies, where people are in close contact with each other such as 

schools, universities and refugee camps as in the case of Palestine (Hindiyeh, 

2009). 

2.2 Taxonomy 

The order Mononegavirales is a group of viruses with negative-sense, single-

strand RNA (ssRNA). Mononegavirales subdivides into three families based 

on similarities in their genomes, Filoviridae, Paramyxoviridae and 

Rhabdoviridae (Figure 2.1). All these families have a non-segmented ssRNA 

(Kingsbury, 1978). Likewise, MuV falls under the family Paramyxoviridae. The 

word Paramyxoviridae is derived from the Greek words Para meaning “by the 

side of” and myxa meaning "mucus." The Subfamily of this virus is 

Paramyxovirinae, and the genus is Rubulaviridae (King, 2012). This 

classification was based on the protein structure, genome arrangement and 

the shape and organization of the nucleocapsid (Clarke et al., 2000). 

Rubulaviridae includes other important viruses such as human parainfluenza 

virus 5. Vertebrates are the only host for MuV. What distinguishes MuV from 

other viruses in the subfamily Paramyxovirinae is having SH gene (King, 

2012). 

Figure 2. 1: Scheme of the classification series. Order; Mononegaviridae, family; Paramyxoviridae, 
sub-family; Paramyxoviridae, genus; Rubulavirdae and species; Mumps virus 
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According to the NCBI database, the MuV genome is an RNA sequence 

composed of 15,384 nucleotides (nt).  This sequence is a non-segmented 

strand with a negative polarity. The GC content of the genome is 42.5%. 

Seven genes are found in the sequence and code for at least seven proteins 

(in some cases 8 and 9). Flanking the coding sequence are the 3' leader 

region and the 5’ trailer region (shown in figure 2.2). 

 

Figure 2. 2: Schematic representation of the MuV genome. The gene order is: NP, V/I/P, 
M, F, SH, HN, and L. 

In order, The NP gene is located at the beginning near the 3’ un-translated 

region (UTR) of the sequence. The NP gene starts at the nucleotide number 

146 and ends at 1,795 with a total length of 1650 nt. This gene codes for the 

NP protein, which is composed of 549 amino acids.  

The second gene found in the sequence is the P gene that codes for three 

different proteins (V, I and P) based on a process called mRNA editing 

(shown in figure 2.3). All three proteins share the same amino-terminus, but 

they differ in their carboxyl-terminus. The whole gene is 1174nt in length. 

Regarding the phosphoprotein (P) synthesis, two non-template Guanine (G) 

nucleotides are added to an overlapping open reading frame (ORF) located at 

nucleotide number 2439 to 2444. As a result, elongation in the coding 

sequence and synthesis of a 391 amino acid residues long protein takes 

place. On the other hand, the “V protein” is synthesized from the translation of 

the first 675nt of the gene, resulting in a 224 amino acids long protein with a 

cysteine (Cys)-rich C terminus (Gene ID: 1489768). The “I protein” is a 

consequent of the addition of 4 G residues to the ORF instead of 2, which 

results in a protein made up from 171 amino acid residues (figure 2.3) 

(Takeuchi et al., 1988; Eliot et al., 1990; Paterson et al., 1990; Pelet et al., 

1991).  
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The third gene found in the sequence is the M gene. This gene is made up of 

1253 nt that codes for the M protein. The M protein is a structural protein that 

has 375 amino acids (Elliott et al. 1989). The next gene is the F gene. This 

gene is transcribed into the fusion protein, which is 538 amino acids in length. 

The gene size is 1727 nt long (Elliott et al. 1989). 

 

Figure 2. 3: Schematic illustration of the three possible transcriptional sequences 
based on the mRNA editing process. The three proteins share the same N-terminus (the 
first 155 amino acids). However, they differ in the C-terminus based on the quantity of the G 
residues added (illustrated by the arrow). V protein is transcribed from the original sequence 
of the P gene without any addition. Transcription will produce a 224-amino acid long product 
that contains the shared 155 amino acids. The P protein is transcribed first from the zero-
reading frame. However, the addition of 2 G nucleotides causes the reading frame to switch 
to +1, which results in the addition of extra 236 amino acids. I protein also has the same first 
155 amino acids however the addition of 4 G residues switches the reading frame to +2. The 
sequence is translated into a product with extra 15 amino acids (Source: Paterson and Lamb, 
1990) 

 

Next in line is the short hydrophobic SH gene. This gene is the smallest gene 

of them all. This gene is only 315 nt in length and codes for the SH protein 

that is composed of 58 amino acids (Elliott et al. 1989). Following the SH 

gene is the HN gene. The whole gene length is 1845 and codes for the HN 

protein that is made up from 549 amino acids (Tanabayashi et al., 1990). 

The last gene transcribed in the sequence is the L gene. Which is the longest 

gene of them all, reaching the length of 6925 and codes for a protein that is 

2261 amino acid long (Okazaki et al., 1992). 

2.3 Structure 

In the early days, scientists were able to understand the structure of MuV 

using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
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PAGE) and electron microscopes. SDS-PAGE is used to separate MuV 

proteins that make up the virus based on the difference in their molecular 

weight. In 1978, Orvell was able to observe eight different bands on the gel, 

each resembling a protein with a particular size. In addition, he was able to 

confirm the presence of two glycoproteins on the envelope, which are the 

hemagglutinin-neuraminidase (HN) and the fusion Protein (F) (Orvell, 1978). 

Under the electron microscope, the MuV appeared to be pleomorphic and 

surrounded with an envelope. The MuV acquired this lipid envelope from the 

host cell membrane. Protruding out of the envelope surface are spike-like 

projections, which later scientist found that they are two types of viral 

structural proteins; the HN and F proteins. The SH protein is located between 

the HN and F proteins and is incorporated into the lipid envelope, shown in 

Figure 2.4 (Elango et al., 1989). Another constituent of the envelope is the 

non-glycosylated matrix protein (M), which lies underneath it (Wilson et al., 

2006). 

Inside the envelope, the viral genetic material is located. MuV contains a 

single-strand negative sense RNA, which is twisted into a helical structure. 

The NP protein surrounds the RNA to form the viral ribonucleoprotein (vRNP). 

This structure is used by the RNA-dependent RNA polymerase (RdRP) as a 

template for transcription and replication. The polymerase is constructed from 

two proteins, the P protein and the L protein (Katoh et al., 2015). 

2.4 Protein Function  

Both HN and F proteins are glycoproteins that are part of the structural 

components of the viral envelope. These proteins are embedded in the 

envelope, forming spike-like projections. Both of the proteins function in 

collaboration with each other to assist the binding of the virus particle to the 

host membrane and penetrating it. HN binds first to the sialic acid found in 

host's cell surface receptors, and this contributes to the hemagglutination (HA) 

activity of the HN protein (Löve et al., 1985). The affinity of binding fluctuates 

between different genotypes (Krüger et al., 2015). This fluctuation is a result 

of the various mutations in the HN gene that some MuV genotypes have 
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acquired with time (Kulkarni-Kale et al., 2007). Another function of the HN 

protein is to support the F protein fusion to the host cell surface, by bringing 

the virus particle closer to the cell, the F protein can fuse the host's plasma 

membrane and the MuV's envelope together. The merging of the two 

membranes together allows the MuV genetic material to enter the host cell 

(Krüger et al., 2015). The MuV then expresses its' RNA in the host cells, and 

both the viral proteins and copies of the genetic material are synthesized. 

Next, the virus presents some of the newly produced proteins on the surface 

of the host cell, which results in forming syncytia. In the case of MuV, syncytia 

are the attachment of more than one virus particle to the host cell and the 

formation of a multinucleated cell, as a result of the presentation of the 

glycoproteins (HN and F proteins) on the surface of the host cell (Krüger et 

al., 2015). This action exemplifies the neuraminidase activity of the HN protein 

in aiding the spread of the virus (Löve et al., 1985). Another function of the HN 

and the F proteins is their contribution together along the M protein to the 

virions budding from the cell surface after the synthesis of all the viral particles 

inside of the cell (Li et al., 2009). 

The small hydrophobic protein (SH) is another protein located on the surface 

of the MuV. The hydrophobic residues of the protein penetrate the envelope in 

a way that leaves the C-terminus pointing towards the inside. This protein is 

57 amino acids in length (Wilson et al., 2006). Studies on both MuV and 

closely related species, such as respiratory syncytial virus (RSV), and Simian 

virus (SV5), have shown that this protein is associated with neither viral 

growth, nor MuV host cells entry or in the formation of syncytia (Takeuchi et 

al., 1996; Fuentes et al., 2007). Based on a recent study done on MuV, the 

SH gene plays a role in prolonging the virus life cycle. It was noticed that 

when cells are infected with MuV, the SH gene will block the entry of the 

nuclear factor kappa B (NF-κB) and this will prevent cell apoptosis by the 

interference with the tumor necrosis factor alpha (TNF-α) signaling pathway. 

Through increasing the viable cell lifespan, this will provide the virus with 

more time to replicate (Franz et al., 2017). Furthermore, in another study done 

on SV5, when the SH gene was removed (SV5ΔSH), this led to stimulation of 
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cell apoptosis by TNF-α apoptotic pathway. This observation was confirmed 

by adding antibodies that neutralized the TNF-α and TNF-α receptor 1, which 

resulted in the stopping of apoptosis (Lin et al., 2003).  

 

Figure 2. 4: Schematic representation of a MuV virion. A typical MuV consists of the surrounding 
envelope and attached to it are the HN, F and SH proteins. Underneath the shell ls the matrix protein. 
The RNP complex is found on the inside. (Source: ViralZone, 2009) 

M protein is another structural protein that lies underneath the viral envelope. 

It provides a linkage between the cytoplasmic-inner portion of the surface 

proteins and the inner core nucleocapsid protein. For the assembly of the viral 

envelope, the virus consumes the host cell’s plasma membrane to surround 

its inner core component. After the entry of the viral genetic material into the 

host's cytoplasm, synthesis of viral proteins and genetic material takes place. 

The M protein provides the gaudiness for all the synthesized particles to 

gather within a particular area under the plasma membrane, which is then 

followed by the budding of the virion outside the host’s cell. After releasing the 

virion, the M protein helps in viral growth and provides structural support for 

the virion (Li et al., 2009; Afzal et al., 1994).  

Another protein that was found to improve the assembly of the virion particles 

is the nucleocapsid protein (Li et al., 2009). NP protein surrounds the viral 
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RNA forming a helical structure with a 20nm diameter called the 

nucleocapsid. Moreover, in protein synthesis and RNA replication, the 

nucleocapsid is used as a template where RNA polymerase binds and starts 

replication or transcription. The NP proteins are constructed from two parts 

the assembly domain found on the amino terminus and the tail found on the 

other side. The assembly domain is composed of approximately 400 amino 

acid residues and binds to the polymerase in a particular site called the 

nucleocapsid-binding domain (NBD). The NBD is located at the C-terminal 

side of the P protein (last 50 amino acid residues). Both the P protein together 

with the L protein forms the RNA-polymerase complex (figure 2.5). The Large 

protein was found to work as a catalyst that facilitates and speeds up the 

RNA-polymerase job (Kingston et al., 2004). In a more recent study, it was 

shown that both of the C-terminus and N-terminus of the P protein bind to the 

nucleocapsid and result in a conformational change that leads to the exposure 

of the RNA to the RNA-polymerase (Cox et al., 2014). 

The V protein also contributes to the degree of virulence in MuV. This protein 

was shown to down-regulate the expression and the signaling of interferon 

(IFN). The C-terminus of this protein contains cysteine (Cys)-rich region with a 

tryptophan-rich region inside of it. Both of these areas donate to blockage of 

signaling and expression of IFN.  The infected cells release IFN as an anti- 

viral defense mechanism. Hence the presence of V protein inhibits the cell 

defense system.   
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Figure 2. 5: Binding of the polymerase to the nucleocapsid. In MuV, the nucleocapsid assembly 
domain binds to the polymerase via the P protein's nucleocapsid-binding domain (modified from 
Kingston et al., 2004). 

Cytokines are also released when inflammation occurs in the cell. V proteins 

suppress the expression interleukin-6 (IL-6) (a type of cytokines), 

consequently adversely affecting the immune system (Xu et al., 2012). 

The I protein is a non-structural protein with unknown function. Little is known 

about this protein and its role in MuV life cycle (Rubin et al., 2012). 

2.5 MuV infection and life cycle (Pathogenesis) 

One of the reasons behind the high pathogenicity of MuV is that the primary 

location of viral replication is in the epithelial cells, which line all cavities and 

surfaces in the body including the glands, testis, ovaries, brain and other 

organs. This fact may lead to serious complications such as meningitis and 

even encephalitis. Moreover, the extended incubation period of the virus 

(sometimes reaching 25 days), gives the virus enough time to attack the host, 

enter cells, replicate and spread without the appearance of symptoms. 

Attachment to the host cells' membrane is achieved via the collaboration of 

HN proteins and F proteins. This attachment leads to the fusion of the viral 

envelope with the cell membrane. Next, injection of the viral nucleocapsid 

through the host membrane into the cytoplasm occurs. After viral entry, the 

virus is capable of taking over the cell metabolism in which the cell is no 

longer capable of protecting itself. MuV hijacks the cell and its enzymes and 
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an RNA-dependent RNA polymerase (RdRP) transcribes the viral negative-

strand RNA into a monocistronic mRNA that soon will be translated by the cell 

into viral proteins. The mRNA is also used as a template for replication to 

produce copies of the viral genetic material. Next, the M proteins along with 

the NP proteins are responsible for gathering the produced proteins and RNA 

to synthesize new viral particles. The progeny viruses are then ready to be 

released out of the epithelial cell and spread inside the body and from one 

individual to another. The primary mode of transmission in MuV is the 

respiratory route. Transmission is commonly associated with the saliva 

secreted from the infected gland that contains the newly synthesized virions. If 

infection reaches the kidney, viruria may result, and the virus can be detected 

in urine. Infection may reach the lymph nodes and infect different cells 

especially T-lymphocyte, this will aid in spreading throughout the body via the 

bloodstream. MuV can additionally enter the CNS and cause infection. Even 

in asymptomatic cases, neurotrophic MuV was seen in about half of the 

cases. Meningitis is observed in 1-10% of cases, while encephalitis is less 

common (Fleischer et al., 1982; Katoh et al., 2015) (Figure 2.6). 

At the beginning, MuV infect the epithelial tissue in the respiratory tract, this 

resembles the prodromal period that is accompanied by a headache, fever, 

malaise, and myalgia. In the next early acute phase, the virus converts from 

epitheliotropic to lymphotropic and reaches the bloodstream. At last the 

established acute phase the virus spreads to different parts of the body 

including kidney, CNS, and the reproductive system, causing more severe, 

long-term complications. 
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Figure 2. 6: Steps of mumps disease progression. (Source: Rubin et al., 2015) 

2.6 MuV genotypes 

Although one serotype for MuV is known, twelve different MuV genotypes 

have been identified till today. Genotypes are segregated based on the 

genetic variation in the SH gene. The diversity between the SH genes in 

different isolates is higher than that in other genes. The divergence in 

nucleotide sequence between different strains reaches 20% in the SH gene, 

on the other hand, 9% in HN gene. The 12 genotypes are organized from A to 

N (except the letters E) (Jin et al., 2015). A new M genotype has been 

proposed (Kolekar et al., 2011). Different genotypes co-circulating in various 

regions with different extent have been noticed. It has also been shown that 

even in a particular geographical area, more than one genotype was 

recorded. Sequencing of the SH gene PCR product and analyzing the results 

using molecular phylogenetic analysis is a common way used for predicting 

the genotype (Kolekar et al., 2011). Determining the causative genotype of 

MuV is now very crucial. One of its benefits is to trace the pathway in which 

the virus has taken and to predict the presence of a possible pattern of 

circulation. Another use is to distinguish whether the infection is a result of the 

attenuated vaccine itself or a possible circulating wild type. Many studies are 
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questioning whether vaccine failure is related to the difference between the 

vaccine genotype and the co-circulating genotypes. For instance, genotype A 

was seen more often before vaccination with Jerry-Lynn, which is live 

attenuated, genotype A MuV. Moreover, some researchers suggest that some 

genotypes can invade the CNS while others do not, however, this is not 

universally agreed upon (Echevarria et al., 2010). Some genotypes can be 

further divided into sub-genotypes. This division is based on the nucleotide 

variations within the genotype itself. However, these variations are less than 

5% of the sequence. For instance, Genotype D has two sub-genotypes (D1 

and D2) (Palacios et al., 2005). Seven sub-genotypes for genotype G (G1-G7) 

have been discovered in the United Kingdom in 2004 (Jin et al., 2004). Since 

2010 only six genotypes of MuV were detected worldwide, which are G, F, H, 

C, F, K and D. Genotype G accounts for more than half of the identified 

genotypes (Jin et al., 2015). 

2.7 Mumps disease 

MuV is a pathogenic virus that is responsible for the highly contagious 

disease, mumps. MuV has been known to infect humans since a long time 

ago (Hippocrates et al., 1983). After the discovery of the causative agent, 

MuV, and the isolation of the virus, scientists were able to accomplish the 

making of the first attenuated virus, which was after that used as a vaccine to 

prevent the disease from spreading (Spooner, 1953; Buynak, 1966). The 

utilization of the MuV vaccine in some countries in the world, with a higher 

percentage of coverage in developed countries, has led to an enormous 

depletion in the number of individuals susceptible to the virus (Galazka et al., 

1999). Nowadays despite the effectiveness of MMR vaccine in reducing the 

number of mumps cases, high vaccination coverage and the effort of the 

public health officials in eliminating mumps, the disease is still considered as 

an endemic disease and did not vanish from the world (Anderson & Seward, 

2008). Moreover, this virus manages to make multiple comebacks on different 

time frames to switch this disease in some areas from endemic disease to 

epidemic outbreaks. These occasions have led to questioning the efficiency of 
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the vaccine itself, and its effectiveness in preventing mumps (Dayan et al., 

2008). 

2.8 Epidemiology 

Mumps is considered an endemic disease that has been spreading 

worldwide. This disease is also found as an epidemic arising every 2-5 years 

in communities with little immunity against mumps, especially those not 

vaccinated, although many outbreaks are reported in vaccinated communities 

too. Mumps is known for its prevalence within small communities where there 

is close contact between people such as schools, colleges, militaries, and 

universities. In a global review done by the WHO in 1999, they compare the 

average annual reported case of mumps infected individuals before and after 

the administration of MMR vaccine. It was found that up till 1995 there was a 

high percentage of reduction in cases reaching 99% in some countries when 

two doses of MMR vaccine were used.  One dose of the vaccine also resulted 

in a decrease in the percentage. On the other hand, in countries that did not 

apply MMR in its health system reported cases remained high. Results are 

shown in the table below (Table 2.1) (Galazka et al., 1999). 

The previous results demonstrate the effectiveness of the MMR application. 

Back in 1977, even after the application of the first vaccination dose, many 

people got infected with mumps during an outbreak. Amongst 145 vaccinated 

children 8 infected patients were reported. Even if this number was 

considered by Lewis to be an indicator of the efficiency of vaccination, the fact 

remains that vaccinated people got infected (Lewis et al., 1979). 

A former solution for this problem was the addition of a second dose given to 

children before entering school. Although the reduction percentage increased 

reaching 99% in some countries, mumps disease was still seen in both 

vaccinated and unvaccinated children (Galazka et al., 1999; Dayan et al., 

2008). 
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Table 2. 1: Annual reported cases of mumps incidence by the WHO in different countries. 
(Reprinted from Mumps and mumps vaccine: a global review by Galazka et al., 1999, Bulletin) 

 

2.9 MuV Signs and symptoms 

Mumps is a highly contagious disease. One of the common symptoms of this 

illness is parotitis (60-70% of mumps cases). Parotitis is characterized by the 

inflammation of the parotid gland, one of the salivary glands, located below 

the ear on both sides of the face. MuV may infect other salivary glands (10% 

of cases), but the parotid gland is the most common one. Swelling of the 

gland due to inflammation may be unilateral whether it is on the left-side or 

the right-side of the face. However, bilateral inflammation; on both sides of the 

face at the same time, occurs in one-third of mumps parotitis cases. Since the 

replicating virus is present in the salivary glands, transmission from one 

person to another can occur by exposure to saliva droplets. Both through 

direct contact, exposure to contaminated surfaces or even during the normal 

expiratory activities of the infected person such as talking, laughing, sneezing 

and coughing the virus can be transmitted (Galazka et al., 1999).  

Researchers have found mumps virus to be present also in blood, urine and 

cerebrospinal fluid of infected people (Kilham, 1948; Utz et al., 1958; Henle & 

McDougall, 1947). 
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Symptoms of mumps do not develop right away after viral entry to the human 

body. In fact, researchers have found the virus in the saliva of infected people 

seven days prior to symptoms appearance (Polgreen et al., 2008). The 

average incubation period of the virus ranges from 16 to 18 days, after this 

time symptoms may appear. However, one-third of mumps infected cases are 

asymptomatic. Even if symptoms do not appear in MuV infected people, 

approximately half of these cases were found to have a high count of 

lymphocytic pleocytosis in their CSF (Galazka et al., 1999). 

According to the CDC, at the beginning of infection, patients may develop 

non-specific mumps symptoms such as mild fever, fatigue, headache and loss 

of appetite. In the case of parotitis, patients at first experience pain in the area 

below the ear where the parotid gland is located (shown in Figure 2.7), 

followed by swelling as a consequence of fluid accumulation and tenderness 

to touch in the surrounding area (Figure 2.8). This complication occurs after 1 

to 3 days after the first non-specific symptoms have begun and cause 

difficulty in speaking and eating. Parotitis lasts for nearly one week. The 

disappearance of parotitis does not indicate that the viral infection is finished 

(National Center for Immunization and Respiratory Diseases (NCIRD), 

Division of Viral Diseases, 2016). In 10% of cases, mumps virus can also 

infect other salivary glands such as submandibular and sublingual gland 

(Galazka et al., 1999) 

In 25% of cases that occur in adult men, the virus can reach the epididymis 

and the testis, causing viral inflammation and later orchitis may result. 

Infertility may be a consequence of mumps orchitis. However, others will 

recover and have a healthy sperm production. In cases where mumps infects 

males before puberty no such complication will take place (Rowe & Comhaire, 

2000; Galazka et al., 1999). On the other hand, mumps infecting post-pubertal 

females can cause oophoritis, in which inflammation of the ovaries occurs. 

This problem happens in 5% of mumps infected adult females. Abortion might 

be an outcome of mumps infection especially if the pregnant woman was in 
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her first trimester. Pancreatitis is seen in 4% of infected cases (Galazka et al., 

1999). 

More serious complications of mumps may involve meningitis (1-10%), and 

encephalitis (0.02–0.3). Both of these complications are caused by entry of 

the virus into the CNS. Before the introduction of mumps vaccine, MuV was 

considered the major leading causes of meningitis and responsible for 

approximately half the number of encephalitis cases. Even now in countries 

with a deficiency in MMR vaccine distribution, mumps is still considered one 

of the leading causes of childhood-associated encephalitis, which is more 

dangerous but less occurrence than meningitis (Galazka et al., 1999; Rubin & 

Pletnikov, 2005). 

Although the virus can persist in the salivary glands, viremia may occur 

causing the virus to spread and reach different organs, including kidney, liver, 

reproductive system and in more advanced stages the central nervous system 

(CNS) (Galazka et al., 1999; Rubin & Pletnikov, 2005). 

 

Figure 2. 7: The Salivary glands and parotitis. Profile image shows the arrangement of the salivary 
glands on one side of the face (Source: Omni Dental Group, 2013). 
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Figure 2. 8: Image of a healthy child (left) and a child with mumps parotitis (right). Inflammation of 
the parotid gland and possibly other salivary gland caused the swelling to appear on the right side of the 
face (unilateral parotitis) (Source: Middendorp, 2017).  

Another complication associated with CNS viral infection is deafness. The 

virus reaches the cochlea through the perilymph surrounding it and causes 

inflammation. The perilymph is in direct contact with the CSF, which allows 

the virus dispersion. In rare situations mumps can cause death, the rate of 

incidence ranges between 1.6 and 3.8 for every 10,000 cases (Rubin & 

Pletnikov, 2005). 

2.10 Diagnosis 

Clinical diagnosis of MuV infection is highly dependent on the presence of 

parotitis, although it is not necessarily always associated with the disease. In 

fact, parotitis is linked to many other viruses such as Epstein-Barr virus (EBV), 

herpes, enteroviruses and parainfluenza viruses, for this reason, other 

laboratory tests should be done to confirm infection (Magurano et al., 2017). 

Other non-specific clinical signs may include a slight rise in the body 

temperature, headache, fatigue, and anorexia (Galazka et al., 1999).  

If mumps is suspected, the previous clinical signs are not enough. Laboratory 

tests are needed to confirm the infection. Back in the 1950’s, scientists used 

to detect the presence of mumps virus by taking an adequate sample (usually 

saliva) from mumps suspected patients and inoculate it into embryonated 
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hens’ eggs (6 to 8 days old). By observing the outcome, scientists could 

determine whether the specimen, taken from the patient, contained the virus 

or not. If inoculation causes hemagglutination inside the egg to appear, this is 

an indication that the virus is present and caused the embryo to die (Utz et al., 

1957). 

Another diagnostic approach can be used to assist the diagnosis of mumps, 

especially in cases of mumps meningitis, is "leukocytes count" in CSF 

samples. Pleocytosis in CSF samples taken from infected individuals is 

considered as an indication of the presence of infection. This feature can be 

helpful even in asymptomatic mumps cases since about half of them show 

high leukocytes count in their CSF (Galazka et al., 1999).  

For the isolation of the virus, the cell culture is considered the gold standard 

procedure. Many techniques have been established in the past for this 

purpose including conventional cell culture, tube cell culture, and shell vial 

culture. After isolation is achieved, the immunofluorescent microscope may be 

used to view the stained cells. Unfortunately, this method requires an 

extended period and lots of work, which made it unsuitable for a rapid 

diagnostic tool (Germann et al., 1998; Reina et al., 2001).   

Nowadays there are two main tests used by the laboratories to confirm 

infection, serological test and reverse transcription PCR (RT-PCR). 

Serological tests have been widely used for measuring anti-mumps antibodies 

in the host body. An increase in the levels of either mumps-specific 

immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies in serum 

blood confirm the viral entry to the human body, whether it is by natural 

infection or due to vaccination. In the case of infection, IgG antibodies 

gradually start to increase after the onset of symptoms and reach their highest 

peak after three weeks from the beginning of infection. IgG antibodies persist 

in the blood circulation for many years. On the other hand, IgM antibodies 

usually show a more rapid increase and reach the highest peak within a week. 

However, unlike IgG, IgM can be detected in blood up to 12 weeks from the 

start of infection. For this reason, negative IgM results do not disclaim 
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infection; IgG titer must also be negative for a case to be considered negative 

for mumps (IgG-, IgM-). Moreover, the previous result (IgG-, IgM-) designates 

that there was neither previous infection nor immunity against mumps. On the 

other hand, a positive IgG and a negative IgM (IgG+, IgM-) indicates a 

previous infection that has developed immunity to MuV. If IgM is positive 

(IgM+) this confirms an ongoing infection despite the result of the IgG 

antibodies titer. The results are illustrated in the table below (Ukkonen et al., 

1981) (Mayo Foundation for Medical Education and Research, 2017). 

Table 2. 2:Serological test possible results and the interpretation of each result. 

Antibodies Interpretation 

IgG+, IgM- Previously infected, immunity 

developed or vaccinated 

IgG+, IgM+ Current infection 

IgG-, IgM+ Current infection 

IgG-, IgM- No Previous infection, no immunity 

A variety of serological tests were established for mumps antibodies 

measurement. These are Hemagglutination inhibition test (HI), complement-

fixation test (CF), Hemolysis in gel, neutralization (NT), Immunofluorescence 

assay (IFA) and enzyme-linked immunosorbent assay (ELISA). Nowadays 

ELISA is the most commonly used method as it is a more rapid, more 

sensitive and less expensive technique (Utz et al., 1957; Ukkonen et al., 

1981). 

Serological evidence of the presence of mumps-specific IgG and IgM 

antibodies in serum samples are not enough to confirm mumps infection. The 

false-negative and false-positive result may occur especially in the case of 

IgM antibodies titer. This result depends on the time in which the sample was 

taken after symptoms appear and which method was used for measurement. 

Moreover, studies have shown that secondary vaccine failure (SVF) also 

contributes to the inaccuracy of this test. SVF, also known as waning 
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immunity, is the result of a decrease in the serum antibodies titer faster than 

usual. As a result, when testing for the MuV-specific antibodies in the blood, in 

the case of infection, a negative IgM titer and a high IgG titer results. The 

previous observation states that serum IgM test by itself is not enough to 

confirm an infection or refute it (Naritaet et al., 1998) 

For this reason, RT-PCR is used as an accurate method for the detection of 

MuV RNA in the host. Different sample types can be employed such as blood 

in the case of viremia, CSF in CNS infections, buccal swabs from infected 

salivary gland secretion and urine samples. Buccal swabs were found to be 

the most suitable, since they provide a better yield of virus particles after 

extraction (Fiebelkorn et al., 2014).  

Different molecular techniques have been used throughout the years for 

mumps RNA strand extraction and detection including the conventional PCR 

and real-time PCR, in which both are considered accurate, specific and fast 

techniques to confirm infection (Boddicker et al., 2007).  

Determining the genotype of circulating mumps virus can be of great benefit. 

In the case of outbreaks genotyping can facilitate the outbreak investigation 

by finding an epidemiological link between infected individuals and inspect 

whether any mutation in the genome has occurred causing the virus to 

escape vaccination and spread (Jin & Brown, 2002). Sequencing of the SH 

gene can assist in determining the genotype and sequencing of the SH with 

NH gene can be used to determine the neurovirulence ability of the virus (Cui 

et al., 2013).  

2.11 Treatment and prevention 

Mumps is considered a vaccine-preventable disease. However, once infected 

with mumps virus treatment of the infection is not an option. Many remedies 

can be used to lessen the intensity of mumps symptoms such as painkillers 

and antipyretics that reduce fever and pain. Ice packs can help in reducing 

parotitis pain. Fortunately, mumps is a self-limited disease and will vanish 
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within few days if the disease did not evolve into more serious complications 

(Roth, 2017).   

2.12 Vaccination 

Mumps is considered one of the diseases that were successfully prevented by 

vaccination. The aim was to make this disease vanish by the year 2010. 

Unfortunately, many outbreaks have occurred during the years, which 

prevented the extinction of mumps (Anderson & Seward, 2008). Mumps 

vaccine is made up of live, attenuated mumps virus that exists as a 

monovalent vaccine (just mumps virus), bivalent (Mumps and measles) or 

trivalent (measles, mumps, and rubella viruses). For the preservation of the 

vaccine, neomycin is added. For stability, both sorbitol and hydrolyzed gelatin 

are added. The mixture is then lyophilized and kept in a glass ampoule. 

Certain precautions must be taken into consideration when using the vaccine. 

Upon reconstitution, the vaccine must be kept away from light, at low 

temperatures (0-8 °C) and used within the next 8 hours. Other than that the 

vaccine is considered not suitable for usage and must be discarded. 

Vaccination should not be given to individuals with low immunity or pregnant 

women (Galazka et al., 1999). In 1967, the US government licensed the first 

mumps vaccine. In 1971, mumps vaccine was combined with both measles 

and Rubella vaccines. One dose was first recommended by the ACIP in 1977, 

followed by the addition of a second dose of the vaccine in 1989. The second 

immunity booster dose was due to the outbreaks that were occurring back 

then (Rubin et al., 2008). Nowadays, according to the CDC, two doses of 

vaccines should be administrated. The first vaccine dose is given a year after 

the child’s birth (12-15 months of age). The second dose can be administered 

one month after the first dose; however, it is preferable to be given before the 

child enters school (4-6 years of age). Complications due to vaccination may 

occur. However, most complications are mild, some of them may include 

fever, swelling in the salivary glands and skin rash. Other moderate 

complications may include seizures caused by the rise in body temperature 
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and joint pain. Serious complications such as severe allergic reactions and 

meningitis are infrequent (CDC, 2012).  

Different strains of mumps virus have been used in the production of the live 

attenuated vaccine. These are Jeryl-Lynn, Urabe Am9, Leningrad-Zagreb, 

Rubini, RIT 4385, Leningrad-3, S79, and others. The choice of the vaccine 

depends on various aspects. Most importantly, safety, efficiency, and cost are 

the three properties that the ministry of health looks into before picking the 

vaccine to be used in their immunization program (Fullerton & Reef, 2002). 

Both, the vaccine attenuated virus and the wild-type virus can cause aseptic 

meningitis, which is one of the frequent and serious consequences of 

vaccination. In the latter, the percentage reaches 10% of cases. On the other 

hand, the chance of meningitis caused by vaccination with the attenuated 

virus should be lower. Between the different strains of the vaccines, the 

number of aseptic meningitis cases fluctuates. It is worth mentioning that in 

both cases, meningitis is a self-limiting infection that ceases within a week. 

But in the natural infection, there is a higher rate that meningitis will develop 

into encephalitis or cause permanent damages (Galazka et al., 1999). The 

efficiency of the vaccine is a measure of how well can a dose of the vaccine 

develop antibodies against mumps virus. Studies have shown that different 

strains show different seropositive rates. Besides, it has been noted that the 

longer the period away from vaccination, the higher the decrease in the 

immunity against the virus (Galazka et al., 1999).  

Back in the 1960’s, mumps Jeryl-Lynn strain vaccine was produced in the 

USA. This strain belonged to the genotype A, which was dominant back then. 

This strain is one of the most widely used vaccines. The constant use of this 

strain is associated with its safety and efficiency; it was found in one study 

that only one case per 100 000 cases who were injected with Jeryl-Lynn, had 

aseptic meningitis (Black et al., 1997). Adding to that is the high 

seroconversion rate of this strain that ranges from 80-100% (Naim, 2015).  

However, this strain is more expensive than the Urabe strain, which was 

produced in Japan. Unfortunately, it was found that this strain is involved with 
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a high number of aseptic meningitis cases that were reported in Canada, 

United Kingdom (UK) and Japan. Consequently, these countries discontinued 

the use of this strain and switched to the Jeryl-Lynn strain, even though higher 

seroconversion rate were achieved when using the Urabe strain. Yet, other 

countries continued using this strain because of the low cost of this vaccine 

(Galazka et al., 1999).  

L-Zagreb strain, which originated from the Leningrad-3 strain, except for 

additional attenuation to the virus is done, both were shown to produce similar 

seroconversion rate (89-98%). The efficacy of the vaccines in preventing 

mumps infection reached 92-99% in different studies (Naim, 2015). In the 

case of L-Zagreb, only 2 cases of aseptic meningitis in 100,000 individuals 

were reported between the years 1990-1996 in Slovenia. However, in Croatia 

a higher figure was reported, up to 90 cases were reported during the period 

1988-1992 for the same number of people (Galazka et al., 1999). 

 One last example of the strains that have been used is the Rubini strain. By 

far this strain showed the least rate of efficacy. The percentage even reached 

zero in some studies (Dayan et al., 2008). 

In Palestine, MMR was first introduced back in 1995. In 2009, a second dose 

was added to the immunization program. According to the Ministry of Health, 

vaccination attained a high coverage. In 2015, vaccine coverage reached up 

to 101.3% coverage for one dose and 97.4% for two doses. In 2005, a 

massive vaccination campaign was conducted after the outbreak that 

occurred in 2003 and lasted until April 2005. L-Zagreb strain was used in this 

campaign (MOH, 2015; PNIHP, 2016; Hindiyeh et al., 2009). 

 Nowadays, the search for alternative methods to achieve a better protection 

against mumps virus, with lower costs and less invasive means, is scientists 

main interest. Using the viral genetic material to target the human immune 

system is one of the approaches that are being investigated in mumps 

vaccine production. In one study, scientists used a plasmid DNA vector that 

contained one of the mumps surface protein-coding genes (HN and F) to 
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initiate an immune response. Virosomes; a form of reconstructed viral 

envelope, which is used as a targeted delivery system for drugs and vaccines, 

were used as a vehicle to deliver the plasmid DNA vector. Intranasal 

administration of the vaccine was used as a noninvasive method for 

application. Results showed a success when given to mice. The mice immune 

system was able to recognize and activate both humoral and cell-mediated 

immunity (IgGs and IL-10 secreted by the T-helper cells). However, further 

studies are needed to test whether this method is suitable for humans (Cusi et 

al.,2000). 
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Chapter 3  

 Outbreak investigation  

The occurrence of a disease more often than expected is referred to as an 

outbreak. The number of expected cases may be determined in various ways, 

e.g., using records of the health department carrying out the investigation, 

hospital discharge records, mortality statistics, etc. 

An outbreak comes to the health department’s attention either after analyzing 

data sent by hospitals and laboratories or by being notified by clinicians or 

even concerned individuals. After detecting the possibility of an outbreak, the 

decision of whether or not an investigation should be carried out must be 

made. This decision depends on the severity of the disease, number of cases, 

source, disease transmission, availability of prevention methods and whether 

or not control measures exist. The health department also takes into 

consideration staff availability, resources and priorities. 

After taking on the investigation, it is crucial to work quickly and clean, 

therefore having a step-by-step guide could help achieve this. Of course, 

flexibility is necessary, and often some measures should be ignored, or 

multiple steps should be tackled at the same time. As for my research, I 

based my investigation on the following steps designed by the center for 

disease control and Prevention (CDC). 

Step 1: Prepare for fieldwork 

This step includes both preparing for scientific and investigative issues, as 

well as management and operational issues. Preparing for scientific and 

investigative issues includes reviewing literature, or reports from similar 

previous outbreaks, deciding on suitable storage and transportation methods 

and providing protection equipment (masks, gloves, etc.). As for management 

and operational issues, the roles and responsibilities of each team member 

should be clear, and any required specialists (laboratorian, veterinarian, 

translator, etc.) or agencies must be contacted. 
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Step 2: Establish the existence of an outbreak 

According to the CDC, an outbreak is defined as “the occurrence of more 

cases of disease than expected in a given area or among a specific group of 

people over a particular period. Usually, the cases are presumed to have a 

common cause or to be related to one another in some way.”  

To establish the existence of an outbreak, the first thing that should be looked 

at is the number of cases. Does it exceed expectation? However, even if the 

number is relatively high, this does not necessarily indicate an outbreak, as 

these cases may be unrelated cases of the same disease. That is why other 

aspects should be taken into consideration, such as how these cases 

increased over a given period.  

In the case of MuV, the incubation period was a strong indicator of the virus 

spread. The first two cases were reported in week number 12 of the year 

2016 (25th, March 2016). Since the incubation period of the virus ranges from 

16 to 18 days. More cases were expected on week number 15. Twenty-two 

new cases were reported based on the clinical presentation of the patients 

during week number 15, and the number kept increasing to reach 66 cases on 

week number 17. The outbreak progression is summarized in figure 3.1. 

Since all the reported cases shared the same location, Al-Arroub refugee 

camp, this confirms the presence of an outbreak among related individuals.  

Step 3: Verify the diagnosis 

This step is usually done along with step two. It requires reviewing clinical and 

laboratory findings. This action is necessary to eliminate false positive results 

and ensures that the increase is not the result of any inaccuracies.  It also 

requires making sure that the specimens and material needed for the different 

types of tests are available in sufficient amount. Talking to patients and asking 

questions about their diet and exposures also helps to find a link between 

patients and thus generating a hypothesis about how the disease spread. 

Furthermore, observing the frequency distribution of the cases can assist in 

verifying the diagnosis. 
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Figure 3. 1: The Outbreak’s Epidemiological Curve. The frequency of cases distribution over the 
entire period of the outbreak. 

Step 4: Construct a working case definition 

To collect the data needed for the investigation, we need to know which 

individuals to include, for that we need a set of criteria to follow. These criteria 

are referred to as a case definition. A case definition usually includes time 

restrictions, e.g., within the past two months, a place restriction, e.g., 

residents of a particular area, limitation regarding the individual's medical 

history and many other criteria, all of which must apply to all persons included 

in the investigation. 

In case of uncertainty, the classification confirmed, probable, possible or 

suspect can be used. A confirmed case is the one, which is verified with lab 

tests. A probable case is not verified but has some of the clinical features, and 

a possible case has even fewer of those typical features. Some cases are 

temporarily classified as probable or possible, until the lab results are 

available, whereas some are permanently probable or possible, e.g., when 
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the lab test are considered unnecessary or too expensive and therefore not 

made.  

The case definition is too often not 100% accurate as some cases might be 

missed or some similar but not identical might be included. The researcher 

aims to include all actual cases and as few false-positive cases as possible. 

In the current investigation, “suspected MuV infected” cases were determined 

based on the mumps-like symptoms. The case definition in most cases was 

resembled by parotitis, fever, and pain in the area below the ear and neck. 

MuV infected cases were later on confirmed on the representative cases by 

using diagnostic tests. It is also worth noting that all cases were restricted to 

one area (Al-Arroub refugee camp), this furthermore supports the speculation 

of an outbreak.  

Step 5: Find cases systematically and record information 

Most of the time the cases collected are too small to represent the total 

number. In this step, the investigator should try to collect as many cases as 

possible, this raises the accuracy of the study and helps determine the actual 

geographic spread of the disease. 

The investigator should also gather all the information needed for the 

research, such as identification information (name, address, etc.), 

demographic information (age, gender, occupation, etc.), signs, symptoms, 

risk factors, etc. All these information are collected usually using forms and 

questionnaires. 

Collecting information about the mumps suspected patients was crucial for the 

mumps outbreak investigation. The line listing that the UNRWA used, was 

comprehensive and it allowed for collecting and documenting all the cases 

electronically. Some of the data gathered include name, date of birth, gender, 

vaccination dosage, date of vaccination, etc. Knowing the vaccination records 

of the mumps suspected cases can assist in monitoring the outbreak and 

identifying the reason behind its spread.   
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Step 6: Perform descriptive epidemiology 

Performing descriptive epidemiology means characterizing an outbreak by 

time, place and person. Throughout the investigation, new information might 

surface, or new cases might become known, thus repeating this process 

several times is necessary. Conducting a descriptive epidemiology is 

important as it gives a comprehensive characterization of the outbreak, and 

helps to identify the geographic distribution of the disease, the population 

affected as well as the population at risk. As a result, this allows for 

establishing a hypothesis regarding the source of the outbreak and 

transmission modes, and thus, taking the needed prevention steps. In this 

process, the following three variables are observed.   

1. Time  

The most convenient way to study this variable is to depict it using the so-

called epidemic curve, which is a histogram that shows how the number of 

cases increased or decreased over the observed period. The epidemic curve 

is simple yet informative. It shows the pattern of the spread, which can either 

be point, intermittent or propagated, as seen below.   

A point source epi-curve has a log-normal shape. The peak or the sudden rise 

in the number of cases indicates a sudden exposure. Here, all cases occur in 

the same incubation period. An intermittent curve has irregularly scattered 

peaks, which means that the exposure is sporadic over time. Finally, the 

propagated curve has multiple peaks separated by one incubation period. In 

this case, the disease spreads from person to person, with each new 

generation having a higher number of cases than the previous one (shown in 

figure 3.2). According to the previous information, figure 3.1 resembles a point 

source epi-curve in which one incubation period occurred after week number 

12 when the first 2 cases were reported.  
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Figure 3. 2: Types of the epi- curve. Three types are shown, Point source (a), intermittent source (b), 
and propagated source (c). Where the y-axis represents the number of cases and the x-axes represents 
the time period. The unit of time can be years, months, and days depending on the situation 
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2. Place  

Characterizing an outbreak by place helps in both knowing the extent of the 

geographic spread of the disease as well as collecting clues about the cause, 

through examining the location patterns of the cases.  

A spot map of small areas or buildings is used for this purpose. The map 

shows where a cluster of cases exists. If, however, different areas with 

different population densities are inspected, then an area map is used. 

Usually, a cluster that is found in one place indicates person to person 

spread, whereas scattered cluster might mean that the cases have a common 

cause, e.g., a common water source. 

All cases were from Al-Arroub refugee camp (shown in figure 3.3). Moreover, 

the majority of cases shared their school as a common variable in this 

investigation. More than 90% of cases were boys and girls, who went to 

schools in Al-Arroub camp. About two thirds of the children were boys who 

went to Al-Arroub boys school. While the other one third were girls, who 

attended Al-Arroub girls school.  

 

Figure 3. 3:  Aerial view for Al-Arroub refugee camp (modified from IPFS, 2016) 

Al-Arroub 
refugee camp 
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3. Person 

Aside from providing more clues about the cause, characterizing the outbreak 

by person leads to having a description of the patient, and therefore knowing 

who might be at risk. Usually, host characteristics (age, sex, race, and 

medical status) and exposures (occupation, leisure activities, etc.) are the 

most important characteristics.  

Step 7: Develop hypotheses  

Investigators start generating primary theories about the outbreak from the 

beginning. However, formulating a testable hypothesis is done later in the 

investigation. The hypothesis could be concerning the source, transmission 

mode, and many other aspects. Listing all available information, and talking to 

patients can be beneficial for this step. In many cases, the clues collected 

from the descriptive epidemiology (step 6) are formulated into the hypothesis 

that explains the outbreak.  

Step 8: Evaluate hypotheses epidemiologically  

The first way to evaluate the hypothesis is by comparing it with the facts. For 

example, if the hypothesis concerns a possible contamination of a water 

source, then that water source is tested, if contamination is found, this 

supports the hypothesis, and no more testing is necessary. However, 

sometimes the hypothesis can’t be tested directly, in this case, analytic 

epidemiology is used.   

Analytic epidemiology is used when comparing between different groups. For 

example, exposed and non-exposed individuals. By observing the patterns of 

each group, we can compare them, find if there are differences and to what 

extent they differ.  

By testing the statistical differences between two sets of groups, we can 

determine whether to accept our hypothesis or to reject it. Many statistical 

tests are used for this purpose, such as chi-square and T-test.  
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Step 9: As necessary, reconsider, refine, and re-evaluate hypotheses 

If the analytics epidemiology fails and no results are found, investigators might 

need to rethink the hypothesis. Talking to patients or looking at the descriptive 

epidemiology results once again might help in generating a new hypothesis. 

In some cases, the hypothesis only needs re-evaluating, sometimes with 

other control groups, which are either bigger or more specific  

Step 10: Compare and reconcile with laboratory and/or environmental 
studies  

For a successful investigation, aside from the epidemiologic investigation, 

laboratory and environmental investigations are equally needed, as the 

laboratory results provide proof for the findings of the previous steps, and the 

environmental studies can help understand why the outbreak happened.   

Step 11: Implement control and prevention measures  

The aim of an investigation is to control the outbreak and prevent further 

spread. Therefore, if any control or prevention measures are found to be 

appropriate, they should be implemented as early as possible, even before 

the epidemiological investigation is done. Some of the control and prevention 

measures include vaccination, eliminating the source of contamination, or 

blocking the transmission mode.  

Step 12: Initiate or maintain surveillance 

After implementing prevention methods, it is important to maintain 

surveillance, to determine whether these methods were effective. If any new 

cases appear, this could be an indication of either the failure of these methods 

or to the fact that some places or people have been missed or if new cases 

appeared in a different area, then the outbreak most likely spread to a new 

area, and these methods should also be implemented there. 



 

37 
 

Step 13: Communicate findings  

This includes contacting local authorities and sharing the investigation’s 

findings and presenting the investigator’s opinion on what should be done. 

Writing a report is also needed for documenting the investigation, either for 

legal purposes or future reference.   
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Chapter 4  

 Objectives 

1. Characterize the MuV outbreak in Al-Arroub camp’s children by: 

I. Detection of the MuV genome using Real Time Reverse Transcription 

Chain Reaction (qRT-PCR). 

II. Determine anti-MuV IgG and IgM levels in patients’ serum samples. 

2. Determine the types of MuV by sequencing the SH gene of selected 

positive patients’ sample.  

3. Evaluating MuV immunity in a cohort of uninfected children. 

4. Search for associations, if present, between MuV infection and the levels 

of the biochemical indicators CRP, amylase, and lipase in blood.   
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Chapter 5  

 Methods and Material  

5.1 Clinical Specimens  

Two types of clinical samples were recommended by the CDC to be collected 

from patients with mumps-like symptoms; blood serum samples and buccal 

swabs. A total of 188 blood serum samples were collected for measuring 

MuV-specific IgG and IgM antibodies. Eighty-nine of these were taken during 

the outbreak, while a further 99 blood samples were withdrawn from 

individuals 1 year after the outbreak. The latter served as a negative control, 

in which samples were collected under the condition that MuV has never 

infected the participants. Buccal swabs were taken from the oral cavity, for the 

molecular detection of MuV RNA in the patient’s saliva secretion.  For the 

buccal swabs, a total of 94 samples were collected from patients meeting the 

case definition during the outbreak. Not all patients with suspected MuV 

infection allowed us to take both types of samples; thirty-one patients were 

examined with PCR only, 63 PCR and serology and 26 only serology.  

Certain steps and measurements must be taken into consideration when 

collecting both types of specimens. It is preferred to collect samples within the 

first few days after the onset of mumps-like symptoms. This will minimize the 

number of false negative results.   

5.1.1 Steps of buccal swab collection (Oral swabs) 

a) Before collecting the sample, labeling the container with the patient’s 

name, date of birth and date of collection was done. 

b) Massage was applied to the swollen area, where the parotid gland is 

located (slightly below the ear) for half a minute. This will increase the 

amount of fluid secreted by the infected gland. 

c) Synthetic swabs were used to collect the secreted saliva  

d) The swab was placed in the labeled container, which contained a sterile 

isotonic solution (e.g., normal saline).    
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5.1.2 Whole blood collection  

Similar to any other blood withdrawal procedure, blood should be collected 

following the standard collection steps  

a) After patient identification, labeling the collection tube with the appropriate 

information was done.  

b) Hand hygiene was taken into consideration  

c) Determining the site of needle penetration and disinfecting it   

d) The proper amount of blood was collected  

e) The blood was placed in a plain tube or serum separator tube (red top) 

f) After blood clotting, the tube was centrifuged for 5 minutes at 3000 rpm in 

Hettich® ROTOFIX 32A centrifuge, Germany), and serum was separated 

in a new clean tube.   

5.1.3 Specimens Transportation  

Both types of specimens were kept at refrigerator temperature (4°C) after 

collection and then transported with wet ice packs from the UNRWA clinic, 

where samples were collected, back to Caritas Baby Hospital laboratory, 

where tests were done on the samples.  

5.1.4 Specimens Storage  

For preservation, both types of samples were stored at -70°C. 

5.2 Laboratory Tests  

5.2.1 Real-time PCR for RNA-Virus Detection 

 Since the genetic material in a MuV is RNA, RT-PCR was used for its 

detection. Similar to the DNA PCR detection method, the RNA must be first 

extracted, amplified and then detected. Mumps virus screening was achieved 

using real-time (rt) PCR. The steps of PCR were performed as follows: 

1) RNA extraction 

Extraction of the genetic material was achieved using the High Pure RNA 

Isolation Kit (Roche, Germany). Following the manufacturer’s instructions, 200 
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microliters (µl) of the thawed, well-mixed sample was used. The final result 

was the extracted RNA suspended in the 50 µl elution buffer. The extracted 

RNA was preserved at approximately –29°C (Wu et. al., 2011). 

2) RNA Amplification and Detection 

For the RNA amplification, a reaction mixture was prepared first, which 

included the following  

• 2X RT-PCR Buffer (Ambion) (Life Technologies, USA) 

• Nuclease-free water 

• Reverse transcriptase  

• MP- forward and reverse primers 

• RNase P forward and reverse primers (Internal control) 

• RNA 

The 2X RT-PCR Buffer contains all the needed deoxynucleotides (dNTPs), 

Taq DNA polymerases, and the buffers needed to maintain a suitable reaction 

environment. The Nuclease-free water works on maintaining the final volume 

of the reaction mix. Reverse transcriptase is an enzyme responsible for 

converting the ssRNA into a complimentary DNA (cDNA), which is then 

amplified by the Taq DNA polymerase.  

A multiplex reaction was used in this research. The first set of primers and 

probe were specific to MuV's MP-gene (shown in table 5.1) (Nedeljković et al., 

2015). The human ribonuclease P (RNase P) sets of primers and specific 

probes (shown in table 5.1) were used as an internal control. The internal 

control has three benefits; it monitors the presence of PCR reaction inhibitors, 

it confirms that samples were extracted right and it shows that the PCR 

conditions were suitable.  

All the reaction mixture components were mixed as shown in table 5.2, where 

5 µl of the extracted RNA were added to 20 µl of the reaction mix. 
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Table 5. 1: List of primers and probes used in the multiplex q-RT-PCR 

 

Table 5. 2: Reaction Mix Composition. All components used, their concentration and the quantity 
used for one sample: 

 

The internal control, RNase P, does not monitor the reverse transcriptase 

activity. This problem was solved using a positive control. MMR vaccine, 

which contained a live attenuated MuV, was used as a positive control for all 

the q-RT-PCR runs. A negative control was also added, in which nuclease-

Target 

gene 
 

Sequence 

 (5’ to 3’) 

Tm  

(ºC) 

GC 

(%) 

Annealing 

Temp. 

 (ºC) 

MP 

F CATAGGRGAYATGTGGGGACCAACCATT 62.6 50 
57.1 

R GTCTTCGCCAACGATGGTGATGATTG 62.1 50 

P 
FAM-CCATGCAGGCGGTCACATTCCRACA 

ACTGC-BHQ-1 
67.0 58.3  

RNaseP 

F AGATTTGGACCTGCGAGCG 59.8 57.9 
54.8 

R GAGCGGCTGTCTCCACAAGT 61.8 60 

P 
CY5-TTCTGACCTGAAGGCTCTGC 

GCG-BHQ2 
63.6 60.9  

 Conc./ 25µl reaction Quantity (N=1) 

2X RT-PCR buffer (Ambion) 2X 12.5 µl 

H2O  0.34 µl 

F-MP 1X=300nM 400 nM 1.3 µl 

R-MP 1X=300nM 400 nM 1.3 µl 

P-MP1X=200nM 400 nM 2 µl 

F- RNase P 1X=300nM 150 nM 0.5 µl 

R- RNase P 1X=300nM 150 nM 0.5 µl 

P- RNase P 1X=200nM 150 nM 0.5 µl 

Enzyme  1 µl 

RNA  5 µl 

Total  25 µl 
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free water was added to the reaction mix instead of the extracted RNA 

template.  

Moving on to the next steps, which are the amplification and detection. These 

steps are done together at the same time using rt-PCR. Applied Biosystems® 

7500 Real-Time PCR System was used for this purpose. Amplification first 

began with an incubation period that lasts 30 min at 48°C. During this period 

the transcriptase gets activated and is now converting the RNA to cDNA. 

Next, denaturation that is done by an initial rise in the temperature reaching 

95°C for 10 min, followed by 50 repeats of denaturation at 95°C for 15 

seconds and elongation at 60°C for one min. 

For the detection of MuV RNA, RT-PCR based on hydrolysis chemistry was 

used. TaqMan polymerase was used to hydrolyze the fluorescent-labeled 

probes. The probes were designed to attach to the MuV RNA strand in a 

specific site between the two MuV- specific primers. CY5 and the FAM are 

both attached to the 5’ end of the RNase P probe and the MP-gene probe, 

respectively. Detection is achieved using fluorescence analysis that can 

detect the dyes at a wavelength of 670 nm for the CY5 and 518 nm for the 

FAM. During the PCR elongation step, the TaqMan polymerase hydrolyze the 

5’ end of the probe causing the fluorescent dye to detach from the probe and 

away from the quenchers (BHQ1 and BHQ2) located on the other ends of the 

MP and the RNase probes, respectively. As a result, the dye is not 

suppressed by the quencher any longer and can emit light. This will result in 

the illumination of the free dye. The more RNA strands are present in the 

sample, the more they will be amplified and the more fluorescent signal will 

accumulate. Detection was accomplished due to the accumulation of the 

emitted fluorescent. The Cycle Threshold (Ct) is the number of cycles where 

the quantity of fluorescence emitted from the sample is enough to be 

detected. The Ct and the amount of detected RNA are reversely proportional. 

The more RNA material is present in the sample, the fewer cycles it takes to 

be detected, shown in figure 5.1. After Ct is determined, the RNA continued 

amplifying and the fluorescent signal kept on increasing until it reached the 
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last cycle (50 cycles). In this investigation, any result with Ct lower than 45 

was considered positive for mumps An example of the amplification plot is 

shown in figure 5.1. Delta Rn is the Normalized reporter, which reflects the 

fluorescent intensity and it is calculated by dividing the fluorescence of the 

reporter dye by the fluorescence of a passive reference dye. (Navarro et al., 

2015).  

5.2.2 Measurement of IgG and IgM antibodies 

Both IgG and IgM specific to mumps were measured using CHORUS 

instrument (Diesse, Italy). Diesse Chorus Mumps IgM (Ref: 81076) and IgG 

(Ref: 81075) kits were used according to the manufacturer’s instructions. 

Enzyme-Linked ImmunoSorbent Assay (ELISA) is the principle behind this 

test, which is achieved by binding the human IgG and IgM antibodies to the 

antigens (inactivated mumps viruses) attached to a solid phase. Detection is 

achieved using monoclonal human IgM antibodies that are conjugated to 

horseradish peroxide dye. Only positive control is available for this test (Ref: 

83607). The results interpretations of the IgM and IgG kits are shown in table 

5.3. 

Ct 

D
el

ta
 R

n 

PCR Cycle Number 

Background Noise 

Higher conc. 

 
Lower conc. 

Figure 5. 1:. The PCR amplification plot. (Modified from Barrey et al., 2010) 
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Table 5. 3: Diesse Chorus IgG and IgM results interpretations. 

Interpretation IgG IgM 

Negative < 0.8 <0.9 

Equivocal >0.8 and <1.2 >0.9 and <1.1 

Positive >1.2 >1.1 

5.2.3 Measurement of the biochemical markers CRP, Amylase and 
Lipase 

In addition to the serological test done on the serum samples, three 

biochemical markers were measured using the chemistry analyzer Roche 

Cobas c311. LIPC, CRPL3, and AMYL2 test kits (reagent 

code:0759007,0769932 and 0766097, respectively) were used. Two levels of 

controls, PreciControl ClinChem Multi 1 (Ref: 05117003190) and PreciControl 

ClinChem Multi 2 (Ref: 05117216190), were done on all the tests according to 

the manufacturer’s protocol.  

CRP is considered a non-specific inflammatory marker. The high levels of 

CRP in the serum could either enhance the inflammation or reduce it, 

depending on many factors. Whether CRP enhances the inflammation or 

reduces it, high levels of CRP in serum is linked to inflammation. In the case 

of MuV infection, high levels of CRP are expected. Some studies have shown 

elevation of serum CRP in the case of mumps, especially mumps orchitis 

(Black et al., 2004; Akaboshi, 2015). The normal level of CRP in serum 

ranges between 0-10 mg/L (Devkota, 2014). CRP was measured in samples 

taken from the outbreak and the control groups. Comparison between both 

groups using the t-test was done to search for a possible link between high 

levels of CRP in serum and MuV infection. If the t-test shows that the CRP 

results of the outbreak group were significantly higher than that of the control 

group, this would mean that CRP and MuV are correlated. 

The pancreas and the salivary glands secrete amylase during digestion 

(Pieper-Bigelow et al., 1990). Normal levels of amylase in the blood ranges 

between 40- 140 U/L (Devaraj, 2014). Many studies have shown correlation 
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between serum amylase levels and MuV infection. Inflammation of the parotid 

gland results in an increase secretion of amylase as a result of the damaged 

tissues. Likewise, high levels of serum amylase are seen in pancreatitis, 

which is seen in 4% of MuV infected individuals (Rubin et al., 2015; Wang et 

al., 2015). Serum amylase was measured in the outbreak group and the 

control group. High levels of amylase were tracked in the outbreak group, and 

results of both groups were compared using the t-test to search for significant 

difference in the mean of the results in the two groups.  

Another enzyme secreted by the pancreas is lipase. High level of lipase in 

blood is suggestive of acute pancreatitis. Lipase test is more sensitive to 

acute pancreatitis diagnosis than amylase. High level of lipase in serum could 

be an indicative that MuV has spread and caused inflammation of the 

pancreas (Hofmeyr et al., 2014). Normal level of lipase in blood ranges from 0 

to 50 U/L (Devkota, 2014). Lipase was measured in the outbreak group and 

control group. The averages of results in both groups were compared using 

the t-test. 

5.2.4 SH-gene sequencing 

To specify which genotype of mumps was circulating among the people of Al-

Arroub camp, sequencing of the SH-gene was done as previously reported by 

the CDC (CDC, 2010). Thirteen random samples were chosen at different 

time intervals during the outbreak, under the condition that all of them should 

be q-RT-PCR positive samples. Four continuous steps were done: 

1) Conventional PCR  

To sequence the SH-gene, the gene sequence must be first amplified. A PTC-

100 Peltier Thermal Cycler (Bio-Rad) was used for this purpose.  In one tube, 

5µl of the extracted RNA was mixed with the Ambion 2X RT-PCR Buffer, 

water, RNA transcriptase and a set of 2 SH-gene primers (shown in table 5.4). 

The total volume of the reaction mix was 25µl. Both of the F-SH and the R-SH 

primers had a concentration of 20 pmol. This reaction yields 675 nucleotides 

long amplicons. The PCR program that was used is shown in Figure 5.2. 
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Both primers and cycler program were adapted from the CDC. MMR vaccine 

was used as positive control and nuclease-free water as a negative control. 

Table 5. 4: Primers used for the PCR. 

 Sequence 

 (5’ to 3’) 

Tm 

(°C) 

GC 

(%) 

Annealing 

 temp. (°C) 

 

SH- Forward 
AGTAGTGTCGATGATCTCAT 59 40 

60 
 

SH-Reverse 
GCTCAAGCCTTGATCATTGA 63 45 

2) Gel Electrophoresis 

This step was done to make sure that the SH gene was amplified. A 1.5% gel 

was prepared by adding 1.5 grams (g) of Invitrogen UltraPure™ Agarose to 

Tris-Borate-Ethydiaminetetraacetic acid (TBE). One drop of ethidium bromide 

was added to the gel in order to be able to visualize the RNA strands. After 

making the gel, 5 µl of each sample was mixed with 2 µl of loading buffer and 

loaded in the wells. A leader DNA (GeneDire) was loaded in the first well to 

compare the bands' sizes. Electrophoresis was done at 90 voltage (V) for 

approximately 45 min. Bands were visualized under the ultraviolet (UV) light. 

3) Product Purification 

Before sending the successfully amplified PCR product to sequencing, all the 

amplicons must be first cleaned. The purpose behind this is to avoid any 

Figure 5. 2: SH gene thermal cycler amplification program 
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impurities from interfering with the sequencing process. Roche High Pure 

PCR Product Purification Kit (REF 11732668001) was used. After purification, 

another gel electrophoresis run was done on all samples to make sure they 

are ready for sequencing.  

4) Sequencing 

Sequencing of the purified product was done using both forward and reverse 

SH primers used in the amplification step. ABI 3500 (life technologies, USA) 

was used to complete this step following the manufacturer’s instructions.  

5.3 Statistical Analysis 

To deal with the large data that was produced by the investigation, IBM SPSS 

software (1.0.0.604) was used along with Microsoft Excel 2016. Many 

statistical tests were used to organize, summarize the research results and to 

support the research hypothesis. Some of these tests are as follows  

5.3.1 Mean (𝒙) 

In other words, the mean is the average of all results. In a normal distribution 

curve, the mean is the result located in the middle of the curve. The mean is 

calculated by summing all the results and dividing them by the number of 

results (shown in the equation below). 𝑥1 is the first result, 𝑥2 the second 

result, 𝑥3 the third result, etc.  

𝑥 =
𝑥1+ 𝑥2+ 𝑥3

3  

The mean was used in the investigation to compare the results of the 

outbreak group with the control group. 

5.3.2 Standard Deviation (𝝈)  

The standard deviation (SD) is used to describe how close the results are to 

the mean. A low SD indicates that the results are distributed around the 

mean. However, a high SD indicates that the results are scattered away from 

the mean. The SD is calculated as follow  
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𝑆𝐷 =
𝑥! − 𝑥!

!!!
𝑁 − 1  

Where N is the number of the total results, 𝑥 is the mean, and 𝑥! is the 

observed results (𝑥1,  𝑥2,….  𝑥𝑁). 

The SD is usually reported along with the 𝑥 (𝑥   ± 𝑆𝐷). 

5.3.3 Frequency  

The frequency was also used in the investigation to describe the number of 

times a certain result happened, e.g., the frequency a certain age was 

recorded. 

5.3.4 t-test 

The t-test was used to decide whether the results of the outbreak group were 

significantly different from the control group. And also, to compare between 

the male group and the female group. For this purpose, the independent two-

samples t-test with unequal variance (𝑠 = 𝑆𝐷!) was used, where the two 

groups were independent of each other but had a similar distribution. 

𝑡 =
𝑥! − 𝑥!
𝑠!

 

where 𝑠! =
!!!

!!
+ !!!

!!
.  

For every t-value there is a P-value, which depends on the Confidence 

Interval (CI) and the degree of freedom (n−1). CI of 95% was used in this 

study. Meaning that any result below 0.05 is considered significant. All results 

were analyzed using the SPSS. 

5.4 Phylogenetic Analysis  

To determine which genotype was responsible for causing the outbreak, the 

13 resulted sequences were compared with previously published sequences 

of the 12 different MuV genotypes. Genbank database was used as a source 

for the different MuV genotypes. Sequencher software (GeneCode, USA) was 
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used to analyze, clean and align all the sequences. Clustal X software was 

used to do multiple sequence alignment and build a phylogenetic tree from 

the aligned sequences using the neighbor joining method, and NJPlot 

program was used to visualize the built tree.  
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Chapter 6  

 Results  

6.1 Population Study 

During the mumps outbreak that took place in AL-Arroub refugee camp, 

Palestine, 315 mumps suspected cases were reported. The virus spread 

around the camp and cases were coming from all over the place. The virus 

infected different age groups. However, the average age ranged from 11 to 13 

(mean= 12.73 years). Only one participant was less than 12 months, and 15 

above 20 years old (shown in figure 6.1).  

Approximately, two-thirds of the MuV suspected patients were males (n= 

210). The remaining one-third (n= 105) were females. The Outbreak’s vaccine 

coverage is illustrated in figure 6.2. The majority of participants were 

vaccinated with one dose of MMR vaccine. Two hundred and nighty nine 

cases were vaccinated with the first dose of the vaccine (95%). Only 7 cases 
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Figure 6. 1: Age distribution of all reported cases. 
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were not vaccinated (2%) and 9 cases not registered by the UNRWA (3%). 

Out of the 299 vaccinated with the first dose, 17 cases were vaccinated with 

the second dose also (5%). 

 

Based on the age distribution, nearly 81% of all MuV suspected patients were 

14 years old or younger. The attack rates of MuV in the children, who went to 

Al-Arroub’s schools, from 4th to the 9th grade, are shown in the table below 

(table 6.1). 

Table 6. 1: Al-Arroub schools’ attack rates 

 
4th 5th 6th 7th 8th 9th 

Total 
(school) 

Male 5.61% 28.95% 34.19% 26.42% 14.29% 7.94% 19.40% 

Female 3.57% 12.93% 12.30% 11.71% 3.88% 4.42% 8.11% 

All 4.57% 20.87% 23.43% 17.97% 9.02% 6.28% 13.65% 

 

2% 
3% 

90% 

5% 

Vaccinated 
95% 

Outbreak's	  Vaccine	  Coverage	  

Not	  vaccinated	   Not	  registered	  	   1st	  dose	  only	   1st	  +	  2nd	  doses	  

Figure 6. 2: Vaccine coverage in the outbreak. 
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The Odd Ratio (OR) was calculated for studying the link between going to Al-

Arroub schools (grades from 4 to 9), and the chance of becoming infected 

with mumps. The total population of Al-Arroub refugee camp is approximately 

10,487, and the total number of children who went to school from the 4th 

grade to the 9th grades is 1,403. Table 6.2 shows the OR table. 

Table 6. 2: Al-Arroub's MuV outbreak Odd Ratio table 

 Affected (A) Healthy (H) 

Exposed(e) 

(4th to 9th grade) 
206 1197 

Not Exposed (n) 

(not in school or different grade) 
109 8975 

 

  𝑂𝑅     =
𝐴! ∕ 𝐻!
𝐴! ∕ 𝐻!

 

OR= 14.17 

6.2 Detection of Mumps virus using q-RT-PCR 

Out of the 94 swab samples that were collected 72 samples were positive for 

MuV (76.6%). The rest of samples did not show signal and were considered 

negative (23.4%). 

The minimum Ct result was 22.29, and the maximum was 43.29 (shown in 

figure 6.3). The average CT was 34.84 ± 4.32. 
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6.3 Chemistry Analysis 

Serum samples were obtained from 89 patients during the outbreak (Males= 

57, Females= 36). Eighty-two patients were vaccinated with only one vaccine 

dose, and four patients had the first and the second dose. Only three 

individuals were not vaccinated, and the rest were not registered.  

The control group, serum samples were taken after the outbreak was over. 

Ninety-nine serum samples were withdrawn from patients (Males=62, 

females= 37). The entire control group had been vaccinated. However, 12 of 

them had no vaccination record. Eighty-seven patients were only vaccinated 

with first dose vaccine. Nine patients had two doses. Similar age group, as the 

outbreak patients, was taken into consideration when collecting the blood 

samples. 

6.3.1 CRP Results  

CRP was measured to examine a possible connection between mumps 

infection and its elevation in blood serum during MuV acute infections. 

Figure 6. 3: Frequency distribution of the PCR CT results 
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Out of the 89 samples in the outbreak group, 35 had a slightly elevated serum 

CRP (>5 but < 35 mg/L). The rest of the results (n=54) were below 5 mg/L. 

The highest result obtained was 34.92 mg/L, and the average CRP was 5.228 

± 6.09 mg/L.  

As for the control group, only 16 samples had an elevated (>5) serum CRP. 

However, 2 volunteers had CRP levels greater than 100 mg/L. The mean of 

CRP was 5.765 ±19.96 mg/L. 

The t-test showed no significant difference (P= 0.799) between the outbreak 

group and the control group, shown in table 6.3.  However, when the test was 

done on the two genders, the P-value was 0.036 in which the males had 

higher CRP mean than the females (Shown in table 6.4). 

6.3.2 Amylase  

The correlation between levels of serum amylase from outbreak cases and a 

control group was examined.  

In the outbreak group, there was fluctuation in the serum amylase levels. The 

mean of serum amylase was 422.35 ± 396.176 U/L. Serum amylase ranged 

from 30 U/L to 1606 U/L. The frequency distribution of serum amylase 

illustrated in figure 6.4. Thirty-five amylase results were 3 to 11 times above 

the serum amylase cut off (140 U/L).  

On the other hand, the control group showed different interpretations. Serum 

amylase ranged from 18 U/L to 133 U/L. The average of serum amylase was 

70.65 ± 24.99 U/L. The distribution of the serum amylase is illustrated in figure 

6.5. No amylase results were recorded above the normal blood amylase level 

in the control group. 

The t-test confirmed that the difference between serum amylase levels 

between both groups was statistically significant (P< 0.000001) (Table 6.3). 

However, when testing the difference between the two genders no significant 

difference was noted (P= 0.203). Results are shown in table 6.4.  
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Figure 6. 4: Serum amylase frequency distribution in the outbreak group 

Figure 6. 5: Serum amylase frequency distribution in the control group 
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6.3.3 Lipase 

Measuring serum lipase was done for the outbreak and the control groups, to 

test any correlation between MuV infection and serum lipase.  

For the outbreak group, the average serum lipase was 34.15 ± 85.096 U/L. 

The minimum recorded serum lipase was 10.9 U/L. Two serum lipase results 

were 5 and 15 times above the normal limit of serum lipase (50 U/L) 

(Devkota, 2014). 

For the control group, the average serum lipase was 23.03 ± 8.712 U/L. The 

serum lipase ranged from 9.8 U/L to 64 U/L. Two-serum lipase results were 

slightly above (less than 2 times) the normal range of serum lipase. 

Results of the t-tests are shown in tables 6.3 and table 6.4. No statistical 

significance was recorded. 

6.4 Serology Analysis 

The IgM and IgG antibodies titer results are expressed as an INDEX, which is 

equal to the ratio between the Optical Density (OD) of the test results, and the 

manufacturer determined cut-off value. 

6.4.1 MuV IgM antibodies 

Out of the 89 outbreaks’ serum samples, 73% (n= 65) were IgM negative. 

Four IgM results were equivocal. The 22.5 % remaining samples (n=20) were 

IgM positive, with an average of 3.49 ± 2.01. 

In the control group, 96.97% were IgM negative. The remaining 3 results were 

IgM equivocal (between 0.9 and 1.1). No positive IgM results were recorded 

for the control group.  

Since there were no positive IgM samples in the control group, the t-test 

cannot be performed on the IgM titer between the outbreak and the control 

group. When the correlation between the gender of the patients and their IgM 
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Statistical 
values Clinical 

tests 

titers was tested, no statistical difference was noted (P= 0.112). Table 6.3 and 

table 6.4. 

6.4.2 MuV IgG antibodies  

In the IgG serum samples, 76.4% (n=68) were positive in the outbreak group, 

2.25% (n=2) were equivocal, and the remaining 21.35% (n=19) were 

negative. The average titer of the positive samples was 7.6 ± 5.43. 

For the control group, 25.25% (n=25) were IgG negative, 8.08% were doubtful 

and 66.67% (n=66) were IgG positive. The average for the positive IgG titer 

was 4.1 ± of 2.07. 

A link was confirmed between the IgG titer level and MuV infection using the t-

test. The P-value was less than 0.000001, which indicates statistical 

significance. When tested between genders, the P-value was equal to 0.05, 

which is at the margin of statistical significance. 

Table 6. 3: Statistical test differences between the outbreak group and the control group 

Group Outbreak Group Control Group 

Sig.  
N Mean 

Std. 
Dev. 

N Mean 
Std. 
Dev. 

CRP 89 5.228 6.09 99  5.765 19.96 0.799 

Amylase 89 422.350 396.18 99 40.647 24.99 < 0.000001 

Lipase 89 34.150 85.09 99 23.030 8.71 0.223 

Positive IgM 20 3.490 2.01 0 0 0 ND 

Positive IgG 68 7.599 5.43 66 4.139 2.04 < 0.000001 
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Table 6. 4: Statistical test results according to gender 

Group Male Female 

Sig.  
N Mean 

Std. 
Dev. 

N Mean 
Std. 
Dev. 

CRP 119 6.894 18.48 69 3.125 4.53 0.036 

Amylase 119 258.966 344.93 69 199.507 283.79 0.203 

Lipase 119 22.423 9.51 69 38.417 96.15 0.173 

IgM 119 0.504 1.45 69 0.242 0.80 0.112 

IgG 119 4.882 5.04 69 3.126 3.42 0.005 

6.4.3 Gel electrophoresis 

The result of the gel electrophoresis after cleaning the PCR product is shown 

in figure 6.6. All bands share the same size (675nt). 

6.5 Sequencing  

Thirteen sequences were obtained and aligned using Sequencher program 

(GenCode, USA). All sequences showed 100% resemblance to each other. 

One sequence is shown below. 

675 nt  

Figure 6. 6: 1.5% agarose gel electrophoresis for the PCR product (M stands for marker) 

   M   1    2     3    4    5    6    7   8   9   10  11  12 13 



 

60 
 

>IAH/2016/Arroub 

AAGAATGAATCTCATGGGGTCGTAACGTCTCGTGACCCTGCCGTTGCAC

TATGCCGGCGATCCAACCCCCATTATACCTCACATTTCTATTGCTAATTCT

TCTTTATCTGATCATGACTTTGTATGTCTGGATTGTATTGGCTGTTACTTA

TAGGACTGCGGTGCGACATGCAGCACTGTACCAGAGATCCTTCTTTCAC

TGGAGTTTCGATCACTCACTCTAAGAAGATCCCCAGTTAGGACAAGTCCC

GATCCATCATGCAAGAACAATCTGCATTTGAATAATGCCGTTCAATCATG

AGACATAAAGAAAAAA  

6.6 Phylogenetic analysis  

All 13 resulted sequences along with 31 reference sequences were subjected 

to alignment using the neighbor-joining method and 1000x bootstrapping. The 

reference sequences include all 12 known MuV genotypes, different MuV 

vaccine strains and the 6 different variants that were circulating in Israel in 

2017 (Indenbaum et. al., 2017). Looking at the phylogenetic tree (figure 6.7), 

the 13 resulted sequences shared the same clade as MuV genotype G in 

general and variant 3 in particular (red arrow).  

Another phylogenetic tree was done using only the different variants of 

genotype G and the 6 Israeli variants (figure 6.8). Analysis showed that the 

circulating MuV is identical to variant 3 (blue arrow) and another sequence 

from Minnesota published in 2014.  
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Figure 6. 7: Phylogenetic analysis tree of all genotypes with the 13 obtained sequences. The 13 
obtained sequenced are shown in red. The Israeli 6 variants are shown in light blue. Different genotypes 
are indicated in green. Vaccine stains are indicated in pink 
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Figure 6. 8: Phylogenetic analysis tree of genotype G with the 13 obtained sequences. The 13-obtained 
sequenced are shown in red. The Israeli 6 variants are shown in light blue. Other G genotype sequences are 
shown in navy. 
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Chapter 7  

 Discussion 

The motive behind an outbreak investigation was to understand the nature of 

the outbreak, assist in tracking the causative agent and seek available 

approaches to control the outbreak. All patients (N= 120) that were subjected 

to laboratory examinations had mumps-suggestive symptoms; unilateral 

parotitis characterized by swelling on one side of the face, two sides swelling 

bilateral parotitis or localized pain in the area where the parotid gland is 

located without any apparent swelling, accompanied by other complications. 

Only three cases were reported with orchitis. Based on these repeating 

incidents, the possible choices on what was causing the pain were narrowed 

down. 

The previous observation is highly suggestive of MuV. However, inflammation 

of the parotid gland can be caused by other agents, such as Staphylococcus 

aureus and Epstein-Barr virus (EBV) (Brook, 2003; Akaboshi et al., 1983) 

Moving on to the second step in the investigation, the number of cases that 

were reported with similar complications was increasing in a non-ordinary way 

that made the situation far from being just a coincidence. According to the 

Palestinian ministry of health, only 35 and 71 cases were reported in the west 

bank during the years 2014 and 2015, respectively (MOH, 2015). The total 

attack rate in Al-Arroub camps’ schools (4th to 9th grades) was 13.65% and the 

Odd Ratio was high (14.17). This situation led to observe that most of the 

cases were connected either by the habitation place or schools. This strongly 

supports the fact that there was an ongoing outbreak in the camp.  

Searching for the causative agent was our third step in the investigation. 

Since most cases with similar symptoms share the same territory, the cause 

behind the spreading of the previously mentioned symptoms must be highly 

contagious. This feature allows the pathogen to spread between the hosts 

who are in close contact. When the pupils were asked about the infection, 
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some said that they were seeking infection from their infected friends, so that 

they could miss out on schooling. 

Through determining a case definition, collecting information about the 

infected patients, and monitoring the progression of the outbreak (place, time 

and person), we have established our hypothesis. The hypothesis states that 

MuV was causing this outbreak through person to person contact. 

By far the cases are considered “mumps-suspected” cases. To support our 

hypothesis, diagnostic laboratory tests were needed. IgM- Elisa test is one of 

the primary tests done to detect MuV infection in the blood. According to 

studies done on IgM levels in serum blood, detection of IgM antibodies in 

serum gets harder with the increasing number of MMR doses and time 

between sample collection and the time of symptoms onset. If the patient is 

not vaccinated, having a positive IgM antibody titer is more feasible. On the 

other hand, one dose of MMR makes it more difficult especially when 

collected within the first ten days of symptoms onset. In the case of 2 vaccine 

doses, it is best to obtain samples after three days of symptoms onset. 

Otherwise, there is a great chance that the results would be negative (Sakata 

et al., 1985; Bitsko et al., 2008; Narita et al., 1998). All the previous 

restrictions plus the possibility of SVF, in which despite being infected, IgM 

antibody level in the blood is not detectable, question the credibility of the test. 

When analyzing the outbreaks’ IgM serum levels, only 22.5% were positive. 

Sixty-five samples were negative, which represents 73% of the total number 

of the outbreaks’ samples. Based on these results, it is easier to speculate 

that the majority of patients were not infected with MuV. However, when the 

outbreaks’ results of the IgG antibody titer were reviewed and compared with 

the IgM results, it was shown that 47 samples out of the 65-IgM negative 

samples had a high IgG titer (5 to 8 times higher than the cutoff, 1.2). This 

number accounts for 53% of the total outbreak serum samples. The entire 47 

samples were taken from patients who were vaccinated with one dose MMR 

vaccine more than 10 years ago. Building on that, in more than half of the 

outbreak patients, whose serum samples were taken, SVF was accountable 
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for their MuV infection. Likewise, SVF has been shown to be contributing to a 

number of MuV outbreaks worldwide (Narita et al., 1998; Park et al., 2007). 

Similar results were recorded in an outbreak that occurred in Palestine in the 

years 2003 to 2005, where 81.4% of the IgM titers were negative, while 91.5% 

of the IgG titers were positively high (Hindiyeh et al., 2009). Moreover, two of 

the positive IgM samples had a high IgM titer in their serum (6- 8.5 times 

higher than the cut off, 1.1). Both of these patients were vaccinated with MMR 

dose from the Palestinian MOH. In their case, primary vaccine failure (PVF) is 

the reason for MuV infection. In PVF, the vaccine fails to generate immunity. 

As a result, IgM levels rise high when the body is exposed to the MuV (Narita 

et al., 1998). As expected, no positive IgM titer was recorded in the serum 

samples of the control group, consequently, the t-test was not done. 

Measuring the IgG level not only can facilitate the confirmation of the disease 

but also gives us an insight into the immunity status against MuV in both 

control and outbreak group. In the outbreak group, 76.4% of the serum 

samples were IgG positive. Twenty five percent of the outbreaks’ serum 

samples were both IgM and IgG Positive samples. These results further 

confirm an ongoing outbreak. When measuring the IgG levels in the control 

group, only 66.67% of the control group samples were positive (immune 

against MuV). It is worth noting that the average of the outbreaks’ IgG titer 

was higher than that in the control group, and the difference between them 

was significant (P< 0.000001). This could be an indication of gained immunity 

in the outbreak group, or waning immunity in the control group after a period 

of vaccination. High number of serum positive IgG  (54 out of 59) were seen in 

the previous MuV outbreak in Palestine (Hindiyeh et al., 2009)  

Since MuV- IgM antibodies in serum cannot always be used as an indication 

of an ongoing infection, q-RT-PCR was used as a more accurate detection 

method.  Molecular detection of the virus genetic material (RNA) showed 

more positive results (76.6%). The fluctuation in the CT could be due to many 

factors such as; in which stage of the disease samples were collected and 
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strength of the infection. Detection of MuV in the swab samples was a 

success, and the causative agent of the outbreak was confirmed.  

Biochemical markers were measured to characterize the viral infection. Out of 

the three biomarkers that were measured, only amylase tests showed 

significance in the difference between the outbreak group and the control 

group. This indicates an association between MuV infection and amylase 

elevation levels in serum at the time of infection. Amylase measurement in 

serum can further assist in diagnosing a MuV infection. Nevertheless, not all 

q-RT-PCR positive cases had high amylase levels and vice versa. Thirty-five 

patients from the outbreak had high levels of serum amylase (3 to 11 times 

higher than the normal range). Many studies have shown an increase in the 

levels of serum amylase in MuV infection however not specific to it (Scully et 

al., 1981; Škrha et al., 1979) 

CRP and lipase showed no significant differences when compared between 

the two groups. For this reason, no connection between the tests and the 

disease was established. However, 2 serum samples in the outbreak group 

had elevated levels of serum lipase (5 and 15 times higher than the maximum 

limit). Since serum lipase test is considered a more sensitive test for 

diagnosing pancreatitis than amylase, the 2 patients with high lipase levels 

could be an indication that the virus has reached the pancreas and caused 

infection. Different studies on lipase levels in MuV infected cases showed 

inconsistent results. Some studies showed a slight elevation, other studies 

showed no elevation, while others showed an elevation of lipase in the blood 

when infected with MuV (Candel & Wheelock, 1946; Warren, 1955).  Levels of 

CRP were found high in one case study of mumps orchitis (Niizuma et al., 

2004) 

Sequencing of the SH gene revealed the genotype of the virus. Determining 

the causative genotype can help in determining if there is a chain of 

transmission and whether vaccination was the source of the MuV outbreak. 

All 13 resulted sequences showed 100% resemblance when aligned together. 

Additionally, when the sequences were aligned with all 12 known MuV 
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genotypes, the outcome was that the outbreak MuV belonged to genotype G. 

The result was also confirmed using online Blast database. Many variants of 

the genotype G are known today. In a recent study done on a MuV outbreak 

in Israel, six variants were found from different samples collected from 

different areas in Israel. When the six variants were used in our investigation, 

our sequences were 100% identical to variant 3. This variant was found in a 

region called Beersheva, which is approximately 100 km away from Al-Arroub 

refugee camp (Indenbaum et al., 2017). The same variant was also reported 

in Minnesota, USA (Figure 6.8) (accession: KT222829). Outbreaks of MuV 

genotype G have been reported from different places around the globe such 

as USA, Scotland, Canada, etc. (Willocks et al., 2017; Zengel et al., 2017; 

Stapleton et al., 2017). Genotype F was reported cocirculating in China 

(Stapleton et al., 2017).  

The source of the outbreak was not determined. However, since the virus was 

previously (earlier in 2016) reported in Hebron, a city near the refugee camp, 

this could be the site from where it all started. Since L-Zagreb (genotype N) 

was the MuV strain used in the vaccination campaign in 2005 and MuV 

genotype G was responsible for this outbreak, this confirms that vaccination 

was not the source of the outbreak. 
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Chapter 8  

 Conclusion 

MuV is a contagious disease that spreads through direct contact between 

infected individuals. This virus was found to be the causative agent of the 

outbreak that took place in Al-Arroub refugee camp, near Hebron. The 

outbreak was confirmed using q(RT)PCR. Sixty seven point seven percent of 

the outbreaks’ oral swabs were positive for MuV RNA. IgM antibodies 

measurement using ELISA was not sufficient enough to confirm the outbreak 

due to SVF. Amylase levels in serum were shown to be associated with the 

disease, although it cannot be used solely to confirm MuV infection. The 

mean of IgG results in the control group was lower than that of the outbreak 

group, and this could be an indication of waning immunity, which makes the 

people more susceptible to MuV infection in the future. Measuring both the 

CRP and lipase levels in blood showed no association with MuV infection. 

However, 2 patients from the outbreak showed high levels of serum lipase, 

which could be a sign of pancreatitis.  

Sequencing of the SH gene showed that MuV genotype G, variant 3 was 

responsible for the outbreak that occurred in the refugee camp. This variant 

was previously detected in the USA in December 2014 and recently is 

circulating in Israel.  

Since mumps disease is a self-limited disease, not much could have been 

done after its’ detection. All reported cases were told to stay isolated from 

other family members or classmates and avoid any direct contact or sharing 

items with other people. Spreading awareness about mumps disease 

between families and classes in schools played a major role in controlling the 

outbreak. By the end of week 35 in the year 2016, the number of cases 

declined to reach zero on some days. 

Despite the hard work, the question remains as to why vaccinated populations 

still get infected by this particular virus. Many studies attribute this to both 

primary and secondary vaccine failure.  
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Investigating an outbreak aids in grasping the problem from its’ routes instead 

of just guessing. Following the steps described by the CDC made the search 

easier, faster and more organized. Consequently, preventing additional cases 

was achieved sooner. Finding measurements to prevent any future mumps 

outbreaks in Al-Arroub refugee camp in specific and Palestine, in general, is 

still a long, full of obstacles road. No vaccination campaign was carried out by 

the ministry of health in order to strengthen the immunity of Al-Arroubs’ 

children. Overlooking this problem increases the chance of a future outbreak. 

Since MMR vaccines showed many derelictions, the search for an alternative, 

more convenient, guaranteed solution must be pursued.    
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