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is an acute infection mainly caused by the 

Epstein-Barr Virus (EBV) And by the 

Cytomegalovirus.
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Emil Pfeiffer 1846 - 1921Nil Filatov 1847 – 1902 

The syndrome was described as an infectious process by Nil 

Filatov in 1887 and independently by Emil Pfeiffer in 1889.
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The classical symptoms of mononucleosis are a sore 

throat, fever, fatigue, weight loss, malaise, pharyngeal

inflammation, vomiting, petechiae and loss of appetite. 

Common signs include lymphadenopathy, 

splenomegaly, hepatitis and hemolysis. 

Rarer signs and symptoms include thrombocytopenia, 

with or without pancytopenia, splenic rupture, splenic

hemorrhage, upper airway obstruction, pericarditis and 

pneumonitis.
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May occur at any age, Peak age of onset 15 to 24 

years old.

The causative viruses are members of the Herpes 

family of viruses.

EBV is accountable for approximately 85-90% 

of all cases of infectious mononucleosis.

CMV is responsible for 30% to 50% of 

heterophile-negative mononucleosis (8% of all 

cases of mononucleosis).
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Epstein-Barr Virus : History

 In 1958, Dennis Burkitt

 described 38 cases of “round-cell sarcoma” in children 
and adolescent living in Uganda, Africa. (Lymphoma)

 In 1964, Anthony Epstein 

 described the first human tumor virus in a Burkitt 
lymphoma cell line by EM; herpes simplex virus 
(HSV). 

 human herpesvirus type 4

 In 1968, Henle 

 reported the relationship between acute IM and EBV.
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over 95% of adults worldwide are infected with EBV.

Infectious mononucleosis most commonly affects those 

who have primary EBV infection during or after the second 

decade of life.

In developing countries and lower socioeconomic groups, 

most EBV infections occur in early childhood. 

In industrialized countries and higher socioeconomic 

groups, half the population has primary EBV infection 

between 1 and 5 years of age, with another large percentage 

becoming infected in the second decade.
(seroprevalence among children 5 to 9 years of age in urban Japan dropped 

from over 80% in 1990 to 59% from 1995 to 1999) 



The structure of EBV is typical for a member of 
herpesvirus family : Inner core of DNA 

surrounded by a nucleocapsid, tegument,                             

and an envelope.
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The entire EBV genome is a linear dsDNA

molecule 184 kbp in length and code for 

about 85 proteins, including:

Nine Latent Protein
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Lytic Cycle Proteins:

 Two Immediate-early proteins (BZLF1 & BZLF2)

 about 30 Early Proteins (Eas).

 Late proteins (VCA, Tegument protein, 

Membrane proteins, gp340/gp220). 



13

EBV transmission occurs predominantly through 

exposure to infected saliva, often as a result of kissing and 

less commonly by means of sexual transmission.

The incubation period, from the time of initial exposure 

to the onset of symptoms, is estimated at 30 to 50 days.

most clinical and laboratory findings resolve by 1 

month after diagnosis, but cervical adenopathy and fatigue 

may resolve more slowly. 



Reproduction 

 To infect cells, EBV uses a cell surface receptor 
(CR2,CD21) found primarily on B lymphocytes and 

nasopharyngeal epithelial cells.

MHC class II protein functions as a cofactor for this 

virus-receptor interaction.

 After infection of epithelial cells, active replication 
occurs and leads to lysis and death of the cell.





Latency
 Latently infected B cells are the primary reservoir of 

EBV in the body.

 >80 gene products may be expressed during              

active viral replication, only 11 are expressed             

during viral latency.

 In this way, the virus limits cytotoxic T-cell recognition 
of EBV-infected cells.
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 Acute infectious mononucleosis

 fatique and malaise 1-2 wks before…

 sore throat, pharyngitis

 retro-orbital headache

 fever

myalgia

 nausea

 abdominal pain

 generalized lymphadenopahy

 hepatosplenomegaly
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 Pharyngitis is the most consistent physical finding.
 1/3 of patients : exudative pharyngitis. 

 25-60% of patients : petechiae at the junction              

of the hard and soft palates.

Tonsillar enlargement can be massive, and 
occasionally it causes airway obstruction. 



Exudative pharyngotonsillitis



Lymphadenopathy : 90%

 symmetrical enlargement. 

mildly tender to palpation and not fix.

 axillary and inguinal nodes.



Hepatomegaly :  60%

 jaundice is rare. 

 Splenomegaly : 50%

 palpable 2-3 cm below the left costal margin and 
may be tender.
 rapidly over the first week of symptoms, usually 

decreasing in size over the next 7-10 days.
 spleen can rupture from relatively minor trauma 

or even spontaneously.



HepatosplenomegalyCervical lymphadnopathy



Maculopapular rash : 15%

 usually faint, widely scattered, and erythematous 
 occurs in 3-15% of patients and is more common in 

young children.
 90% of patients, treatment with amoxicillin or 

ampicillin is associated with rash 



IM with rash after treatment with amoxicillin or ampicillin



 Eyelid edema : 15%

may be present, especially in the first week 

Children younger than 4 years : more commonly  

 splenomegaly or hepatomegaly

 rash 

 symptoms of an upper respiratory tract infection



Clinical manifestation of IM in
children and adults

Frequency (%)

Sign or symptom  Age < 4 yr  Age 4 – 16 yr  Adults (range)

Lymphadenopathy 94 95 93 – 100

Fever 92 100 63 – 100

Sore throat or 67 75 70 – 91

tonsillopharyngitis

Exudative 45 59 40 – 74

tonsillopharyngitis

Splenomegaly 82 53 32 – 51

Hepatomegaly 63          30 6 – 24

Cough or rhinitis 51 15 5 – 31

Rash 34 17 0 – 15

Abdominal pain or 17 0 2 – 14

discomfort

Eyelid edema 14 14 5 – 34

Sumaya, et al. J Infect Dis.131:403-408,1975.



 The 3 classic criteria for laboratory  confirmation 

    1 lymphocytosis

2 the presence of at least 10% atypical      

lymphocytes on peripheral smear

 3 a positive serologic test for Epstein-Barr virus 

  (EBV).
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Common laboratory findings in patients with infectious 

mononucleosis include marked lymphocytosis (>50% 

leukocytes) with atypical  lymphocytes. The detection of 

at least 10% atypical lymphocytes on a peripheral-blood 

smear in a patient with mononucleosis has a sensitivity of 

75% and a specificity of 92% for the diagnosis of 

infectious mononucleosis.



 Complete blood count

 40-70%, Leukocytosis                                                  
(WBC 10,000-20,000 cells per cm3)

 80-90% of patients have lymphocytosis,                           
with greater than 50% lymphocytes. Lymphocytosis is 

greatest during 2-3 weeks of illness and lasts for 2-6 
weeks. 

 20-40% of the lymphocytes : atypical                      
lymphocytes > 10% ; Downey types 

 25-50%, Mild thrombocytopenia 



atypical lymphocytes : Downey types 



 Liver function tests

 80-100% of patients : elevated LFT 
Alkaline phosphatase, AST and bilirubin peak 

5-14 days after onset

 95% of patients : elevated LDH

most liver function test results are normal by    
3 months.



Serological Tests
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 The principle behind the Paul-Bunnell-Davidsohn test is that the 

two types of sheep agglutinins are distinguished by titrating them 

before and after absorption with guinea pig kidney and ox cells.

 Patients serum containing antibodies due to IM is added to 

guinea pig kidney cells. These antibodies are not absorbed by the  

kidney cells. These antibodies then react with Beef (Ox) red 

blood cells which causes agglutination and is a positive test for 

IM.

 Patients serum containing Forssman antibodies are added to 

guinea pig kidney cells. Antibodies are absorbed by  the kidney 

cells. These antibodies are then allowed to react with Beef red 

blood cells which does not cause agglutination. This is a positive 

test for Forssman antigens.



Paul-Bunnell-Davidsohn
Advantages

When properly 

performed, this test is 

specific for Infectious 

Mononucleosis and 

false-positive results are 

rare.

Disadvantages

 Davidsohn Differential 

test is very time 

consuming and 

burdensome.



MONO-Spot TEST

The presence of IgM HA in IM serum causes 

agglutination of red blood cells from species other 

than humans.
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Mono spot involve absorption of the serum with

guinea-pig kidney (GPK) emulsion to remove nonspecific

agglutinating Forssman antibodies, or with ox cell stroma

(OCS) to remove HA, followed by the addition of horse

red cells (Indicator Cells).

 Drops of serum are placed on two squares on

a slide.

 GPK is stirred into one drop and OCS into the

other. 

 Horse red cells are then added to each square and

stirred into the absorbed serum. 

Agglutination in the GPK square and not in the OCS 

square is indicative of IM.
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Heterophile antibody tests are negative in 25% of

patients during the first week of infection and in 5 to 10%

during or after the second week. Heterophile antibody tests

are positive in only 25 to 50% of children under 12 years

of age.



MONO-PLUS TEST



Mono-Plus 
Sample Requirements

 Red top tube of blood (Serum)

Green top tube of blood (Plasma)

 Purple top tube of blood (Plasma)

Capillary blood from fingertip (Whole Blood)



Mono-Plus
Principle

Qualitative detection of IM heterophil antibodies 

in human serum, plasma and whole blood using 

direct solid-phase immunoassay technology.

A band of bovine (Ox) erythrocyte extracts are 

impregnated in the test membrane.

 If IM-specific heterophil antibody is present in the 

sample, it will be captured by the bovine 

erythrocyte extracts.



Mono-Plus
Principle

 The Developer Solution is then added to the sample 

well.

 The solution mobilizes the dye conjugated to the anti-

human IgM antibodies.

 The antigen band can be seen in the Test Window (T) 

only when the antibody-dye conjugate binds to the 

IM-specific heterophil antibody which has been 

bound to the bovine erythrocyte extract.



Mono-Plus
Procedure

 Step 1    

 Pipette 10 uL of serum or plasma in the upper well.



Mono-Plus
Procedure

 Step 2   

 Add 2-3 drops of Developer                                                                                                           

Solution to the lower end of the                                                                                             

sample well.                       



Mono-Plus
Procedure

 Step 3

 Read test results in 8 minutes.

 Strong positive may appear in less than 3 minutes.

Must wait 8 minutes to report negative result.

 Results are stable 15 minutes after Developer is 

added.



Mono-Plus
Interpretation of Results

Positive Result

 A pink-purple horizontal 

bar in the Test Window 

(T) and the Control (C).

Negative Result

 A pink-purple horizontal 

bar in the Control 

Window (C).

 No horizontal bar in the 

Test Window (T).



Heterophile antibodies  

 50% in first week of illness 

 60-90% in the second or third weeks

 begins to decline during the fourth or fifth week 
and often is less than 1:40 by 2-3 months after 
symptom onset 
 20% of patients have positive titers 1 year after 

acquisition 
 children < 2 years : 10-30% 

 children 2-4 years : 50-75% 



EBV serology

 EAs (early antigens) 

: early in the lytic cycle 

 VCA (Viral capsid antigen) and membrane 

antigens 

: late in the lytic cycle 

 EBNA (Epstein-Barr nuclear antigen) 

: latent infection 

 Antibodies to membrane antigens 

: usually are not measured



Time course of antibody production 

 EA is rising at symptom onset : rise for 3-4 

weeks, then quickly decline to undetectable levels 

by 3-4 months, although low levels may be 
detected intermittently for years. 

 VCA-IgM usually is measurable at symptom 

onset, peaks at 2-3 weeks, then declines and 
unmeasurable by 3-4 months. 

 VCA-IgG rises shortly after symptom onset, 

peaks at 2-3 months, then drops slightly but 
persists for life.

 EBNA : convalescence and remain present for 
life.



 The presence of IgM antibodies to VCA, with or 

without IgG antibodies to EA (D) and an absence of 

IgG anti-EBNA1, are diagnostic for IM.
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PCR

Real-time PCR
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IM : Complcation
 Hepatitis : > 90% of patients 

 45% of patients : elevated bilirubin,  but jaundice 
occurs in only 5%. Mild thrombocytopenia occurs in 

approximately 50% of patients with infectious 
mononucleosis.

 

 Platelet count : nadir approximately 1 week after 
symptom onset (100,000-140,000/cm3. ), then gradually 
improves over the next 3-4 weeks. Mild 

thrombocytopenia occurs in approximately 50% of 
patients with infectious mononucleosis. 

 



IM : Complications
 Hemolytic anemia  

 0.5-3%, associated with cold-reactive antibodies, anti-
I antibodies, and with autoantibodies to triphosphate
isomerase 

mild and is most significant during the second and 
third weeks of symptoms. 

 Upper airway obstruction 

 0.1-1%, due to hypertrophy of tonsils and other 
lymph nodes of Waldeyer ring 

 treatment with corticosteroids may be beneficial



Splenic rupture : 0.1-0.2%  
Spontaneous or history of some antecedent 

trauma. 
occur during the second and third weeks. 
mild-to-severe abdominal pain below the left 

costal margin, sometimes with radiation to 
the left shoulder and supraclavicular area. 
Massive bleeding : Shock  



Medical Care : 
 self-limited illness : not require specific therapy.

 Acyclovir (10 mg/kg/dose IV q8h for 7-10 d) 

 inhibit viral shedding from the oropharynx

 clincal course is not significantly



Medical Care : 
 Short-course corticosteroids

: prednisolone (1 mg/kg/d, max 60 mg/d for 7 d     

and tapered over another 7 d)

Marked tonsillar inflammation with impending                  
airway obstruction

Massive splenomegaly

Myocarditis

 Hemolytic anemia

 Hemophagocytic syndrome

 Seizure and meningitis

Surgical Care : 
 Splenic rupture. AAP. Red book2006;286-288.

Nelson. Textbook of Pediatrics17th ed;977-981.



Activity : 
depends on severity of the patient's symptoms.
Extreme fatigue : bed rest for 1-2 weeks.
Malaise may persist for 2-3 months.
Patients should not participate in contact             

sports or heavy lifting for at least 2-3 weeks 

 some physicians recommend avoiding activities 
that may cause splenic trauma for 2 months.



Cancers:

 EBV is recognized as a cause of Burkitt's lymphoma, 
nasopharyngeal carcinoma, Hodgkin's disease, and 
some other lymphomas.

Oral Hairy Leukoplakia:
 This lesion is a wart-like growth that develops on the 

tongue in some HIV-infected persons and transplant 
patients. It is an epithelial focus of EBV replication.

 Systemic disease in Immunodeficient or 
immunosuppressed patients.



 EBV 90% of acute IM

 Etiology of most EBV-negative IM 

 Other Herpesviruses :

 Cytomegalovirus (CMV)
 herpes simplex 1 and simplex 2 

 human herpesvirus 6

 Other viruses : 

 adenovirus 

 hepatitis A, hepatitis B, or hepatitis C

 rubella 

 primary human immunodeficiency virus in 
adolescents or young adults.
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Herpesviridae Classification



 CMV

 Icosahedral nucleocapsid

containing dS DNA viral 

structure

 162 hexagonal protein 

capsomeres

 Additional layer of 

surrounding protein 

(tegument)

 Outer membrane envelope 

with glycoprotein complexes

www.biografix.de



Microbiology
 Largest member of 

herpesviridae family 

 230-240 kilobase pairs

 Large cytomegalic cells with 
enlarged nuclei 

 Replication cycle  

 Immediate early:  4 h

 Early:  4-24 h

 Late: 24 h

www.som.tulane.edu

 Class E genome

 Unique and inverted repeats that 
include the existence of 4 
genome isomers caused by 
inversion of L-S genome 
components (class E). 



Pathogenesis

 Incubation period: 28-60 days

 Primary infection symptoms:  9-60 days

 Viremia:  2-3 weeks

 IgM response:  30-60 days

 Peak viral titers:  4-7 weeks post infection



Epidemiology
 50-85% prevalence in US by 

40 years of age

 As high as 100% prevalence 
in some populations

 CMV prevalence increases 
with age

 Transmission: transplanted 
organ, breast milk, urine, 
saliva, tears, stool, sexual 
contact, blood, 
transplacental

 Significant morbidity and 
mortality in 
immunocompromised
(solid and BM transplant, 
AIDS, etc.)

 Despite antiviral 
therapy, allogenic BMT 
patients will have 15-
75% interstitial PNA 
mortality rate 

www.cdc.gov





Congenital CMV and Pregnancy
 Most common congenitally acquired infection

 Occurs 0.2-2% of all neonates

 Approximately 40, 000 infants infected annually in US 

 Leading cause of congenital hearing loss in US 

 Prevalence in pregnancy
 Seropositive:  50-80%

 Primary infection:  0.7-4%

 Recurrent infection:  13.5%

 Cervical excretion of CMV common during pregnancy
 Not indication for c-section

 CMV in breast milk
 CMV not contraindication to breast feeding

 Vertical transmission
 Transplacental infection: symptomatic

 Exposure to genital tract secretions: usually asymptomatic 

 Breast feeding : usually asymptomatic 

 Worse disease in premature infants



 Vertical transmission greatest during 3rd trimester

 More serious fetal sequelae when infection in 1st trimester

 Vertical transmission
 Primary maternal infection: 30-40%

 Recurrent maternal infection: 0.15-2%

 Symptomatic congenital CMV disease less likely in women with 
pre-existing immune response
 Congenital hearing loss most severe sequelae

 Most infants with congenital CMV are asymptomatic at birth

 10% of infants infected in-utero will develop CMV signs and 
symptoms at birth
 Poor prognosis

 30% of severely infected die

 80% of survivors severe neurologic sequelae

 85-90% of infected infants are asymptomatic at birth
 10-15% will develop long-term neurologic sequelae, hearing loss



Congenital CMV and Pregnancy

www.aafp.org 



Congenital CMV and Pregnancy



CMV in Immunocompromised patients

 Significant disease in the 

immunocompromised host 

 Pneumonia

 Hepatitis

 Encephalitis

 Colitis/GI ulcerations

 Uveitis

 Retinitis

 Neuropathy

 CMV syndrome 

Normal Retina

CMV Retinitis

www.5mcc.com 



 Excretion of CMV in saliva and 
urine common

 Highest incidence for CMV infection 
in BMT recipients is 30-60 days post 
transplant 

 Viremia in organ transplant patients

 Marker for pneumonia in allogenic
BMT patients 

 Viremia c/w 60-70% risk of PNA

 CXR:  miliary/interstitial infiltrate, 
localized/nodular infiltrates less 
common

CMV Pneumonia



 Transplant patients:

 Interstitial pneumonitis, GI disease, retinitis, 

hepatitis, encephalitis, myeloradiculopathy, and 

CMV syndrome

 HIV patients

 Retinitis and CNS involvement more common

CMV Cecal Ulcer CMV Esophagitis

www.vh.org/ 



Diagnostic Studies

 Conventional cell culture

 Serology

 Shell vial culture

 CMV antigenemia (pp65)

Molecular methods (PCR)



Laboratory Diagnosis-A
Cell culture

`

Serology

 Serologic tests for antibody to CMV are useful for
determining whether a patient had CMV infection in the
past, a determination of great clinical importance for organ
and blood donors, and in the pretransplant evaluation of
prospective transplant recipients.

 Antibody tests are not useful in the diagnosis of CMV
disease in the immunocompromised host



Laboratory Diagnosis-B
pp65 antigenemia assay 



Laboratory Diagnosis-C

Molecular Methods

 Real-time PCR

 PCR-ELISA

 NASBA

 …





Thank you
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