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We have in our previous issues considered epidemiologically significant vector borne diseases 
as related to the Indian subcontinent and the tropical world at large - viz., Malaria, Dengue 
fever, Typhus; this issue, at the request of our readers, presents an equally menacing disease 
– CHIKUNGUNYA once again. We are presenting this disease again after a gap of years as the 
disease has acquired greater significance and also newer diagnostic tools are available now 
which were at that time not available to many. The accuracy of the diagnosis is almost 100%.  

Needless to say it is a contemporary problem being faced by as many as 151 districts in 8 
states spread diffusely all over the country even as on date. Chikungunya virus (CHIKV) is an 
insect-borne virus, of the genus, Alphavirus, that is transmitted to humans by virus-carrying 
Aedes mosquitoes. There have been recent outbreaks of CHIKV associated with severe 
morbidity. CHIKV causes an illness with symptoms similar to dengue fever. CHIKV manifests 
itself with a prolonged arthralgic disease that affects the joints of the extremities. The acute 
febrile phase of the illness lasts only two to five days. The pain associated with CHIKV infection 
of the joints persists for weeks or month. The DISEASE DIAGNOSIS section outlines all 
clinico-diagnostic aspects of Chikungunya in ample detail. Prevention is the best and the 
cheapest cure! For personal protection, individuals should take measures to protect 
themselves against the bites of the mosquitoes that transmit the virus (including Aedes 
aegypti), which are active during the daytime. Elimination of breeding sites can contribute to 
the reduction of mosquito densities. Chikungunya is the face of the “DISEASE DIAGNOSIS” 
segment of this issue and special groups of interest and significance and importance are taken 
up for discussion.

The diagnostic platform that we are highlighting in this issue is REAL TIME PCR. RT PCR is 
also available as the most accurate diagnostic tool for diagnosis of Chikungunya. This whole 
issue is devoted to PCR. The “INTERPRETATION” sections outlines and simplifies 
everything that you would want to know to about RT-PCR; while “TROUBLESHOOTING” 
portion clearly defines how not to get unacceptable results while performing RT-PCR testing. 
One platform, one technology – all for you; perhaps you would be using this system soon 
enough if you already aren't!

Amidst all the serious topics as given above, “BOUQUET” has not been misplaced. It lurks in 
our minds and within the covers of this issue too!

Trouble
Shooting
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CAUSES

EPIDEMIOLOGY

Chikungunya virus is indigenous to tropical Africa and Asia, where it is 
transmitted to humans by the bite of infected mosquitoes, usually of the 
genus Aedes. Chikungunya virus belongs to alphavirus genus of the 
Togaviridae family. It is an "Arbovirus" (Ar-arthropod, bo-borne). 

 are sustained by human-mosquito-human 
transmission. The main virus reservoirs are monkeys, but other species 
can also be affected, including humans.

Cases of chikungunya fever (between 1952-2006) have been reported 
in the countries depicted in red on this map.  is an 
alphavirus closely related to the o'nyong'nyong virus, the Ross River 
virus in Australia, and the viruses that cause eastern equine encephalitis 
and western equine encephalitis.  of this virus have 
been described: West African, East/Central/South African and Asian 
genotypes.  through bites from Aedes 
aegypti mosquitoes, but recent research by the Pasteur Institute in Paris 
has suggested chikungunya virus strains in the 2005-2006 Reunion 
Island outbreak incurred a mutation that facilitated transmission by Asian 
tiger mosquito (Aedes albopictus).  by arbovirologists 

CHIK 
fever epidemics

Chikungunya virus

Three genotypes

Chikungunya is generally spread

Concurrent studies

CHIKUNGUNYA FEVER

INTRODUCTION

Chikungunya (in the Makonde language "that which bends up") virus 
(CHIKV) is an insect-borne virus, of the genus Alphavirus, that is 
transmitted to humans by virus-carrying Aedes mosquitoes. There have 
been recent breakouts of CHIKV associated with severe illness. 

 causes an illness with symptoms similar to dengue fever, with 
an acute febrile phase of the illness lasting only two to five days, followed 
by a prolonged arthralgic disease that affects the joints of the 
extremities. The pain associated with CHIKV infection of the joints 
persists for weeks or months, or in some cases years. 

 is caused by a single-stranded RNA alphavirus (CHIKV) from the 
family Togaviridae. The vector and mode of transmission of 
chikungunya, as in dengue fever, is by a bite of an infected A. aegypti 
mosquito and less commonly by the A. albopictus. The incubation period 
of chikungunya ranges from 2–12 days. Many people infected with 
CHIKV will remain asymptomatic, and the disease is rarely fatal. The 
clinical presentation is very similar to that of dengue fever, the most 
common symptoms consisting of fever, arthralgia, backache, and 
headache. Other symptoms include rash, fatigue, nausea, vomiting, and 
myalgias. The joint symptoms of chikungunya are severe and often 
debilitating, lasting from weeks to up to a year, with the hands and feet 
most often affected, but the lower limbs and back can also be involved.  
The name "chikungunya" translates to "that which bends up" in the 
Makonde dialect of Tanzania, describing the physical appearance of a 
patient with severe clinical features.  to parts of 
Africa and Asia. Outbreaks occurred in these areas between 1960 and 
1982. Then in 2004, the disease reemerged in several countries 
including India, Indonesia, Maldives, Thailand, and various Indian 
Ocean islands including Comoros, Mauritius, Reunion, and Seychelles. 
More than 1.25 million cases of chikungunya fever have been reported in 
India, mainly in the Karnataka and Maharashtra provinces.  There is a 
significant risk of importation of CHIKV to nonendemic countries 
worldwide due to the high viremia of infected individuals and expansive 
distribution of both A. aegypti and A. albopictus. Autochthonous 
transmission has also been documented in a limited area in Italy when 
an infected traveler transmitted the virus to local A. albopictus.  For 
travelers, risk is highest in endemic areas during the rainy season, when 
the density of the vector is highest.  is 
available for chikungunya fever, although various antiviral agents are 
being investigated. To limit further transmission of the virus, patients 
should be kept under mosquito netting while febrile. Treatment is mainly 
supportive and includes rest, fluids, and management of fever with 
acetaminophen. As in dengue fever, salicylates should be avoided in 
children because of the risk of Reye's syndrome, but NSAIDs may be 
used cautiously if acetaminophen is not sufficient since there is limited 
risk of hemorrhagic complications with chikungunya fever. As with 
dengue fever, no vaccine exists for chikungunya fever; therefore, the 
best prevention is to avoid mosquito bites with proper insect precaution.

CHIKV 
infection

Chikungunya 
fever

Chikungunya is endemic

Currently, no specific treatment

The Aedes aegypti mosquito biting a person.
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at the University of Texas Medical Branch in Galveston, Texas, 
confirmed definitively that enhanced chikungunya virus infection of A. 
albopictus was caused by a point mutation in one of the viral envelope 
genes (E1). Enhanced transmission of chikungunya virus by A. 
albopictus could mean an increased risk for chikungunya outbreaks in 
other areas where the Asian tiger mosquito is present. A recent epidemic 
in Italy was likely perpetuated by A. albopictus.  chikungunya is 
spread via a sylvatic cycle in which the virus largely resides in other 
primates in between human outbreaks.  in Changwat 
Trang of Thailand where the virus is endemic, the provincial hospital 
decided to deliver by Caesarean section a male baby from his 
chikungunya-infected mother, Khwanruethai Sutmueang, 28, a Trang 
native, to prevent mother-fetus virus transmission. However, after 
delivering the baby, the physicians discovered the baby was already 
infected with the virus, and put him into intensive care because the 
infection had left the baby unable to breathe by himself or to drink milk. 
The physicians presumed the virus might be able to be transmitted from 
a mother to her fetus, but without laboratory confirmation.

This virus was first identified in Tanzania in the 1953 appears to have 
evolved from an alphavirus ~1713 AD (95% credible interval: 1573 - 
1843) in Africa. The East/Central/South African (ECSA) and Asian 
strains diverged within the last 150 years (95% HPD: 1879 to 1927). The 
extant ECSA strains - which include the first isolate of this virus - evolved 
between 1924 and 1943.  split into two clades: an Indian 
lineage which has probably become extinct and a Southeast Asian 
lineage. The Southeast Asian lineage spread from Thailand to 
Indonesia; and then to the Philippines and more recently Malaysia. The 
recent Indian Ocean basin outbreak that began in 2004 appears to have 
originated from the ECSA group back in 2002 (95% credible interval: 
December 2001 to December 2003). 

 is 4.33 × 10- 4 nucleotide substitutions per site per year - a rate 
similar to those found in other viruses with RNA genomes.

The word chikungunya is thought to derive from a description in the local 
Makonde dialect, meaning "that which bends up", of the contorted 
posture of patients afflicted with the severe joint pain and arthritic 
symptoms associated with this disease. The disease was first described 
by Marion Robinson and W.H.R. Lumsden in 1955, following an 
outbreak in 1952 on the Makonde Plateau, along the border between 
Mozambique and Tanganyika (the mainland part of modern day 
Tanzania). about the epidemiology of 
the disease, the term chikungunya is derived from the Makonde root 
verb kungunyala, meaning to dry up or become contorted. In concurrent 
research, Robinson glossed the Makonde term more specifically as "that 
which bends up". Subsequent authors apparently overlooked the 
references to the Makonde language and assumed the term derived 
from Swahili, the lingua franca of the region. The erroneous attribution of 
the term as a Swahili word has been repeated in numerous print sources. 
Many other erroneous spellings and forms of the term are in common 
use including "chicken guinea", "chicken gunaya," and "chickengunya". 

 in Tanganyika, Africa, in 1952, chikungunya virus 
outbreaks have occurred occasionally in Africa, South Asia, and 
Southeast Asia, but recent outbreaks have spread the disease over a 
wider range. of this disease may have been 
in 1779. This is in agreement with the molecular genetics evidence that 
suggests it evolved around the year 1700.

In Africa,

On 28 May 2009

The Asian group

The estimated overall mutation 
rate

According to the initial 1955 report 

Since its discovery

The first recorded outbreak 

VIRAL EVOLUTION

HISTORY

PATHOPHYSIOLOGY

SIGNS AND SYMPTOMS

CHRONIC ARTHRALGIA, PAIN & ARTHRITIS POST-CHIK

Human epithelial and endothelial cells, primarily fibroblasts and 
monocyte-derived macrophages, are susceptible to infection. Lymphoid 
and monocytoid cells, primary lymphocytes and monocytes and 
monocyte-derived dendritic cells are not susceptible to infection. Viral 
entry occurs through pH-dependent endocytosis. Infection is cytopathic 
and associated with the induction of apoptosis in the infected cell. 

 to the antiviral activity of type I and II 
interferon

The incubation period of chikungunya disease ranges from one to twelve 
days, usually two to three. Its symptoms include a fever up to 40 °C (104 
°F), a petechial or maculopapular rash of the trunk and occasionally the 
limbs, and arthralgia or arthritis affecting multiple joints. Other 
nonspecific symptoms can include headache, conjunctivitis, slight 
photophobia and partial loss of taste. 

 and then ends abruptly. However, other symptoms—namely joint 
pain, intense headache, insomnia and an extreme degree of 
prostration—last for a variable period; usually for about five to seven 
days. Patients have complained of joint pains for much longer time 
periods; some as long as two years, depending on their age.

Several reports on chronic pain related to CHIKV infection have been 
published. Many of these patients do not respond well to usual 
analgesics, suggesting that the nature of chronic pain may be not only 
nociceptive, but also neuropathic. A cross-sectional study at the end of 
the major two-wave outbreak in La Réunion assessed pain in 106 
patients visiting general practitioners with confirmed infection with 
CHIKV, and evaluated its impact on quality of life.  A total of 56 patients 
fulfilled the definition of chronic pain. Pain was neuropathic in 18.9% of 
patients. The mean pain interference in life activities calculated from the 
Brief Pain Inventory was significantly higher in patients with chronic pain 
than in patients without it. This score was also significantly higher in 
patients with neuropathic pain than in those without. 

 mainly joint and muscular pain and depression, have been 
reported several months after CHIKV infection. A retrospective cohort 
study on 199 patients  described the frequency of prolonged clinical 
manifestations of CHIKV infection and measured the impact on quality of 

Infection is highly sensitive

Typically, the fever lasts for two 
days

Persistent 
symptoms,
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outcome, with a mean developmental quotient of 86 (51% of the cases 
<85) compared with 100 in the control group (p < 0.001). 

 occurring a long time from delivery is rarely harmful. In 
a prospective study comparing birth outcomes between 655 women not 
infected during pregnancy with 658 who were infected during pregnancy, 
only the number of hospital admissions differed between infected and 
uninfected women (40 vs 29%). There was no propensity to prematurity, 
growth restriction, fetal deaths, stillbirths, congenital anomalies or other 
complications of pregnancy such as vaginal bleeding or third-stage 
hemorrhage. Newborns seem to be healthy at birth with no detectable 
IgM antibody and maternally transferred IgG antibodies cleared 
progressively, indicating absence of in utero infection. Antepartum fetal 
contamination seems to be very unusual, with only three cases 
described in La Réunion during a term of 12–15 weeks. 

 around delivery is probably due to intrapartum contamination of 
the fetal blood by free virus particles from highly viremic mothers through 
placental breaches initiated by induction of labor. However, cesarean 
section does not seem to be protective and is not recommended. A 
mouse model study and the rarity of placental histologic lesions in 
human studies  confirm the non-permissiveness of the placental barrier 
during antepartum exposure.  through 
breastfeeding during maternal illness or its protective role in women 
previously infected by CHIKV remains unknown. CHIKV RNA was not 
detected in 20 maternal milk samples, including eight that were collected 
during viremia in La Réunion. However, as a precaution, breastfeeding 
was not recommended during the acute febrile phase of the disease.

Pediatric hospitalized-based studies from La Réunion or India during the 
recent epidemics showed that the classic triad (fever, arthralgia and 
rash) of CHIK fever is found in more than 50% of patients. CHIKV fever is 
usually benign in children. Death is rare, and in La Réunion, only three 
deaths were reported (one neonatal infection, one case of acute 
disseminated encephalomyelitis and one case of acute hemorrhagic 
shock syndrome). However, atypical manifestations, sometimes with 
subsequent sequelae, have been described, especially in small infants. 
Neurologic manifestations ranging from simple and complex febrile 
seizures to meningeal syndrome, acute encephalopathy, diplopia, 
aphasia, acute disseminated encephalomyelitis and encephalitis have 
been reported, with often unremarkable cerebrospinal fluid findings.  
Risk factors for residual neurologic deficit (20% of the patients) included 
young age (neonatal infection), severe initial clinical presentation 
(encephalitis) and pathological MRI findings. Severe skin blistering in 
infants younger than 6 months of age affecting more than 10% of the 
total body surface area has been described, with intraepidermal 
vesiculobullous lesions sometimes having a higher mean viral load than 
in concurrent serum.  All infants required hospitalization in the intensive 
care unit, with repeated dressings under general anesthesia. Other 
complications related to pediatric CHIKV infection included dehydration 
with dyselectrolytemia and acute renal failure, poor tolerance due to 
high-grade fever, bacterial secondary infection, hypoglycemia and 
cardiac manifestations. Conversely, persistent arthralgia and 
exacerbation of underlying medical conditions seem to be very rare in 
children, and no fulminant hepatitis has been described. 

 can be problematic during CHIKV fever. 
Hyperalgesia, with refusal to feed and the need for intravenous level III 
analgesics in small infants, was not an uncommon cause of 
hospitalization. Salicylates and other NSAIDs should be avoided as they 

Conversely, 
maternal infection

Mother-to-child 
infection

The risk for CHIKV transmission

Symptomatic 
treatment in pediatrics

CHIK IN PEDIATRICS

may precipitate bleeding manifestations.  of 
polyvalent immunoglobulins purified from human plasma samples of 
convalescent CHIK patients exhibited in vitro and in vivo neutralizing 
activities. CHIKV immunoglobulin administration abolished viral 
detection in serum and dissemination to the brain in a mouse model. 
Viremic mothers in labor and neonates born to viremic mothers, patients 
with severe neurological presentation of the disease, small infants with 
rapidly extensive skin blistering or adults with severe underlying 
comorbidities could benefit from this passive immunization technique. 

The classic symptoms after infection by CHIKV are abrupt febrile illness 
(temperature usually >38.9°C), maculopapular rash and articular pains 
responsible for a stooped walk. Other symptoms include myalgia, 
headache, edema of the extremities and gastrointestinal complaints.  
'Chikungunya' means 'to walk bent over' in Tanzanian's language, and 
this is the canonical sign adopted by infected people in the acute phase 
(the incubation period ranges from 3 to 7 days, and as few as 5% of 
patients are asymptomatic) with a characteristic stooped walking 
position. Clinical presentations are often similar to those of Dengue 
fever, except for hemorrhagic or shock syndrome, which are only seen in 
CHIKV infection.  is based on either 
specific serology or by the detection of viral RNA (e.g., E1 gene) by 
reverse transcription PCR. Reverse transcription PCR is positive during 

9 12the viremic phase (10 –10  viral RNA/ml of blood) lasting for 1 week after 
symptom onset, while the elevated levels of IgG (and surprisingly IgM) 
can last for months. CHIKV infection leads to protective adaptive 
immunity. IgM antibodies against CHIKV can be detected in the sera of 
infected patients during the acute phase of the infection. Antibody 
prevalence studies in many parts of Africa strongly suggest that anti-
CHIKV (IgG), particularly neutralizing antibodies, may prevent virus 
reinfection and/or systemic multiplication in reinfected individuals.  
Interestingly, and in contrast to Dengue fever, the apparition of IgG anti-
CHIKV was sometimes detected in the first week following infection, 
illustrating the rapid and robust adaptive immune response. As in the 
majority of infectious diseases, the host rapidly mobilizes a robust innate 
immune cellular and molecular response. Natural killer cells are strongly 
activated within the first few days postinfection and lead to a more 
sustainable CD4/CD8 response. Some, but not all, canonical cytokines 
and chemokines instigate the immune response and, surprisingly, the 
level of TNF-á is rather weak (almost undetectable) during the acute 
phase of CHIKV infection. Innate and adaptive immune responses are 
essential to ward off the infectious challenge, and hence, the acute signs 
usually resolve in less than 2 weeks (coinciding with the disappearance 
of CHIKV in the blood). However, incapacitating arthralgia may persist 
for weeks or months.  in La Réunion was the 
first time that severe cases and deaths due to CHIK fever were 
documented. This outbreak, which occurred in a tropical area with 
European health standards, has increased the chance of identifying 
previously unreported clinical presentations and of documenting clinical 
forms. A hospital-based surveillance system collected data on atypical 
CHIK cases, and patients with laboratory-confirmed CHIKV infection 
who developed other symptoms than fever and arthralgia were recorded 
as atypical cases. In addition, severe atypical cases were recorded 
when patients required maintenance of at least one vital function. A total 
of 610 adults presented with atypical cases of CHIK fever; the median 
age was 70 years (range: 15–95 years), and the sex ratio (M/F) was 0.8. 
Of these, 222 (36%) were severe cases, 84 (14%) were admitted to an 

Recently, the development

The diagnosis of CHIKV infection

The 2005–2006 epidemic

CLASSIC, ATYPICAL & SEVERE CASES OF CHIK IN ADULTS
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aged 40–60 years were 2.5-times more likely to develop a severe 
disease than those aged less than 40 years. Those aged over 60 years 
were 1.6-times more likely to develop severe disease than those aged 
less than 40 years. In a recent study from India, age over 85 years was 
the only risk factor for mortality, although the possibility of coinfection by 
dengue virus (and other pathogens such as the respiratory syncytial or 
influenza viruses) may be contributing factors to be considered.

Common laboratory tests for chikungunya include RT-PCR, virus 
isolation, and serological tests.  provides the most 
definitive diagnosis, but takes one to two weeks for completion and must 
be carried out in biosafety level 3 laboratories. The technique involves 
exposing specific cell lines to samples from whole blood and identifying 
chikungunya virus-specific responses. 

 is used to amplify several chikungunya-specific genes from whole 
blood. Results can be determined in one to two days. 

 requires a larger amount of blood than the other methods, and 
uses an ELISA assay to measure chikungunya-specific IgM levels. 
Results require two to three days, and false positives can occur with 
infection via other related viruses, such as o'nyong'nyong virus and 
Semliki Forest virus.

There currently is no licensed vaccine to protect against chikungunya 
virus. The most effective means of prevention are protection against 
contact with the disease-carrying mosquitoes and mosquito control. 
These include using insect repellents with substances such as DEET 
(N,N-diethyl-meta-toluamide; also known as N,N'-diethyl-3-
methylbenzamide or NNDB), icaridin (also known as picaridin and 
KBR3023), PMD (p-menthane-3,8-diol, a substance derived from the 
lemon eucalyptus tree), or IR3535. Wearing bite-proof long sleeves and 
trousers (pants) also offers protection.  garments can be 
treated with pyrethroids, a class of insecticides that often has repellent 
properties. Vaporized pyrethroids (for example in mosquito coils) are 
also insect repellents. Securing screens on windows and doors will help 
to keep mosquitoes out of the house. In the case of the day-active Aedes 
aegypti and Aedes albopictus, however, this will have only a limited 
effect, since many contacts between the vector and the host occur 
outside.

There are no specific treatments for chikungunya, and no vaccine is 
currently available. A Phase II vaccine trial, sponsored by the US 
Government and published in the American Journal of Tropical Medicine 
and Hygiene in 2000, used a live, attenuated virus, developing viral 
resistance in 98% of those tested after 28 days and 85% still showed 
resistance after one year.  as a possible 
treatment for the symptoms associated with chikungunya, and as an 
anti-inflammatory agent to combat the arthritis associated with the virus. 
A University of Malaya study found that for arthritis-like symptoms not 
relieved by aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs), 
chloroquine phosphate (250 mg/day) has given promising results. 
Unpublished studies in cell culture and monkeys show no effect of 
chloroquine treatment on reduction of chikungunya disease. The fact 
sheet on chikungunya advises against using aspirin, ibuprofen, 
naproxen and other NSAIDs that are recommended for arthritic pain and 
fever.

DIAGNOSIS

PREVENTION

TREATMENT

Virus isolation

RT-PCR using nested primer 
pairs

Serological 
diagnosis

In addition,

Chloroquine is gaining ground

intensive care unit and 65 of the severe cases (29%) died, accounting for 
an overall case–fatality rate of 10.7%. Overall, 546 cases had underlying 
medical conditions (226 cardiovascular, 147 neurological and 150 from 
respiratory disorders), 479 (78%) were on medication prior to 
hospitalization, 84 (14%) used NSAIDs and 88 (14%) were alcohol 
abusers.  were admitted with pre-renal acute renal 
failure and 41 (34%) presented with an exacerbation of a pre-existing 
renal disorder. Of these, 36 had chronic renal failure, two had a 
nephropathy and three had previously had a renal transplantation. 
Among 102 patients admitted with pneumonia, 17 had a history of 
chronic obstructive pulmonary disorder and three had asthma. A total of 
131 patients presented with a glycemic impairment that revealed 
diabetes mellitus in 27 cases (20%). Although information on liver 
enzymes was only available for 64% of the cases, 73 patients had a 
greater than threefold increase of the liver enzymes. Of the 226 patients 
presenting with cardiovascular disease, 110 (49%) had an underlying 
cardiac condition and 137 (61%) had hypertension. Of the 84 patients 
with heart failure, 29 (35%) had underlying cardiomyopathy, ten (12%) 
coronary artery disease, six (7%) valvular disease and four (5%) a 
history of myocardial infarction. Of the 44 cases with arrhythmias, seven 
had known arrhythmias, six cardiopathy, two valvulopathy and one heart 
failure. Of the 35 cases with myocarditis or pericarditis, seven had an 
underlying cardiopathy, two arrhythmias and two had a history of 
myocardial infarction. Of the 25 cases diagnosed with angina pectoris, 
15 (60%) had a history of coronary artery disease. Four patients 
presented with acute myocardial infarction, including two with a history 
of coronary artery disease.  had neurological 
disorders. Of these, 25 (17%) had underlying neurological conditions. Of 
the 69 cases with encephalitis, 12 (17%) had underlying neurological 
conditions, including five strokes and five epilepsies. Of the 15 cases 
with meningoencephalitis, one had a history of cysticercosis, one of 
hydrocephalus, one of myasthenia gravis and eight a diagnosis of 
hypertension. Eight out of 12 cases who developed seizures were 
previously healthy. Prior to the Indian Ocean epidemic, a single case of 
meningoencephalitis had been reported in a 5-year-old Cambodian boy 
in 1971. Guillain–Barré syndromes that required respiratory support 
were recorded in adults for the first time during the La Réunion outbreak. 
Neurological symptoms started during the invasion phase prior to 
seroconversion. The presence of cerebrospinal fluid abnormalities and 
CHIK-specific IgM intrathecal synthesis were highly suggestive of CHIK-
induced pathology in the nervous system. Tropism for brain tissue is a 
common occurrence in human viral disease that has been reported in 
some other arboviral infections and validated in several mouse models 
of CHIK neuroinfection. Ocular manifestations, such as defective vision 
linked with neuroretinitis, have also been reported. 

 manifestations were noted. Erythematous maculopapular or 
morbiliform eruption subsiding without any sequelae within 3–4 days 
was the most common cutaneous finding. Genital ulcers located 
predominantly over the scrotum and base of the penile shaft in men and 
labia majora in women were the second most common manifestation. 
Other manifestations included incapacitating edema of the hands and 
feet, hyperpigmented macules on the nose and cheeks, erythema 
nodosum, erythema multiforme, generalized urticarial eruptions and 
flare up of pre-existing lichen planus and psoriasis. Itching was reported 
in some cases. Peeling of the skin was observed in a few cases but 
remained uncommon in adults. Outcome was generally favorable, as the 
manifestations resolved rapidly in most cases, sometimes with scaling 
or persistence of dyschromic patches.  the atypical cases 

In total, 110 patients

In total, 147 patients

A plethora of 
cutaneous

In La Réunion,
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REAL TIME PCR
Introduction 

Background

As the name suggests, real time PCR is a technique used to monitor the 
progress of a PCR reaction in real time. At the same time, a relatively 
small amount of PCR product (DNA, cDNA or RNA) can be quantified. 
Real Time PCR is based on the detection of the fluorescence produced 
by a reporter molecule which increases, as the reaction proceeds. This 
occurs due to the accumulation of the PCR product with each cycle of 
amplification. These fluorescent reporter molecules include dyes that 
bind to the double-stranded DNA or sequence specific probes. Real time 
PCR facilitates the monitoring of the reaction as it progresses. One can 
start with minimal amounts of nucleic acid and quantify the end product 
accurately. Moreover, there is no need for the post PCR processing 
which saves the resources and the time. These advantages of the 
fluorescence based real time PCR technique have completely 
revolutionized the approach to PCR-based quantification of DNA and 
RNA. Real time PCR assays are now easy to perform, have high 
sensitivity, more specificity, and provide scope for automation. Real time 
PCR is also referred to as real time RT PCR which has the additional 
cycle of reverse transcription that leads to formation of a DNA molecule 
from a RNA molecule. This is done because RNA is less stable as 
compared to DNA. 

Cells in all organisms regulate gene expression by turnover of gene 
transcripts (messenger RNA, abbreviated to mRNA): the amount that a 
gene is expressed in a cell is determined by the number of copies of an 
mRNA transcript of that gene and the rate of degradation of the mRNAs. 

 were used to measure mRNA abundance: Differential 
display, RNAse protection assay and Northern blot. Northern blotting is 
often used to estimate the expression level of a gene by visualizing the 
abundance of its mRNA transcript in a sample. In this method, purified 
RNA is separated by agarose gel electrophoresis, transferred to a solid 

Real time quantitative PCR uses fluorophores in order to detect levels of 
gene expression.

Older methods

matrix (such as a nylon membrane), and probed with a specific DNA or 
RNA probe that is complementary to the gene of interest. Although this 
technique is still used to assess gene expression, it requires relatively 
large amounts of RNA and provides only qualitative or semiquantitative 
information of mRNA levels.  and quantify gene 
expression from small amounts of RNA, amplification of the gene 
transcript is necessary. The polymerase chain reaction is a common 
method for amplifying DNA; for mRNA-based PCR the RNA sample is 
first reverse transcribed to cDNA with reverse transcriptase. 

 technologies based on reverse transcription and 
fluorophores permits measurement of DNA amplification during PCR in 
real time, i.e., the amplified product is measured at each PCR cycle. The 
data thus generated can be analysed by computer software to calculate 
relative gene expression (or mRNA copy number) in several samples. 
Real-time PCR can also be applied to the detection and quantification of 
DNA in samples to determine the presence and abundance of a 
particular DNA sequence in these samples.

In a real time PCR protocol, a fluorescent reporter molecule is used to 
monitor the PCR as it progresses. The fluorescence emitted by the 
reporter molecule manifolds as the PCR product accumulates with each 
cycle of amplification. Based on the molecule used for the detection, the 
real time PCR techniques can be categorically placed under two heads: 
1. Non-specific Detection using DNA Binding Dyes
2. Specific Detection Target Specific Probes

In real time PCR, DNA 
binding dyes are used as fluorescent reporters to monitor the real time 
PCR reaction. The fluorescence of the reporter dye increases as the 
product accumulates with each successive cycle of amplification. By 
recording the amount of fluorescence emission at each cycle, it is 
possible to monitor the PCR reaction during exponential phase. If a 
graph is drawn between the log of the starting amount of template and 
the corresponding increase the fluorescence of the reporter dye 
fluorescence during real time PCR, a linear relationship is observed. 

 is the most widely used double-strand DNA-
specific dye reported for real time PCR. SYBR Green binds to the minor 
groove of the DNA double helix. In the solution , the unbound dye exhibits 
very little fluorescence. This fluorescence is substantially enhanced 
when the dye is bound to double stranded DNA. SYBR Green remains 
stable under PCR conditions and the optical filter of the thermocycler can 
be affixed to harmonize the excitation and emission wavelengths. 
Ethidium bromide can also be used for detection but its carcinogenic 
nature renders its use restrictive. DNA-
binding dyes provide the simplest and cheapest option for real time PCR, 
the principal drawback to intercalation based detection of PCR product 
accumulation is that both specific and nonspecific products generate 
signal.

Specific detection of 
real time PCR is done with some oligonucleotide probes labeled with 
both a reporter fluorescent dye and a quencher dye. Probes based on 
different chemistries are available for real time detection, these include: 

 When the SYBR Green binds to the double-stranded DNA 
of the PCR products, it will emit light upon excitation. The intensity of the 
fluorescence increases as the PCR products accumulate. This 
technique is easy to use since designing of probes is not necessary 
given lack of specificity of its binding. However, since the dye does not 

In order to robustly detect

Development of PCR

Non-specific Detection using DNA Binding Dyes: 

Specific Detection using Target Specific Probes: 

Real Time PCR procedure

A 
dye like the SYBR Green

Although these double-stranded 

SYBR Green:

INTERPRETATION
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spectra. Not only does the use of multiplex probes save time and effort 
without compromising test utility, its application in wide areas of research 
such as gene deletion analysis, mutation and polymorphism analysis, 
quantitative analysis, and RNA detection, make it an invaluable 
technique for laboratories of many discipline.

A DNA-binding dye binds to all double-stranded (ds) DNA in 
PCR, causing fluorescence of the dye. An increase in DNA product 
during PCR therefore leads to an increase in fluorescence intensity and 
is measured at each cycle, thus allowing DNA concentrations to be 
quantified. However, dsDNA dyes such as SYBR Green will bind to all 
dsDNA PCR products, including nonspecific PCR products (such as 
Primer dimer). This can potentially interfere with, or prevent, accurate 
quantification of the intended target sequence. (1) The reaction is 
prepared as usual, with the addition of fluorescent dsDNA dye. (2) The 
reaction is run in a real-time PCR instrument, and after each cycle, the 
levels of fluorescence are measured with a detector; the dye only 
fluoresces when bound to the dsDNA (i.e., the PCR product). With 
reference to a standard dilution, the dsDNA concentration in the PCR 
can be determined. the values 
obtained do not have absolute units associated with them (i.e., mRNA 
copies/cell). As described above, a comparison of a measured 
DNA/RNA sample to a standard dilution will only give a fraction or ratio of 
the sample relative to the standard, allowing only relative comparisons 
between different tissues or experimental conditions. To ensure 
accuracy in the quantification, it is usually necessary to normalize 
expression of a target gene to a stably expressed gene. This can correct 
possible differences in RNA quantity or quality across experimental 
samples.

Fluorescent reporter probes detect only the DNA containing the probe 
sequence; therefore, use of the reporter probe significantly increases 
specificity, and enables quantification even in the presence of non-
specific DNA amplification. Fluorescent probes can be used in multiplex 
assays—for detection of several genes in the same reaction—based on 
specific probes with different-coloured labels, provided that all targeted 
genes are amplified with similar efficiency. The specificity of fluorescent 
reporter probes also prevents interference of measurements caused by 
primer dimers, which are undesirable potential by-products in PCR. 
However, fluorescent reporter probes do not prevent the inhibitory effect 
of the primer dimers, which may depress accumulation of the desired 
products in the reaction.  on a DNA-based probe with a 

Real-time PCR with double-stranded DNA-binding dyes as 
reporters: 

Fluorescent reporter probe method

Like other real-time PCR methods, 

The method relies

discriminate the double-stranded DNA from the PCR products and those 
from the primer-dimers, overestimation of the target concentration is a 
common problem. Where accurate quantification is an absolute 
necessity, further assay for the validation of results must be performed. 
Nevertheless, amongst the real-time RT-PCR product detection 
methods, SYBR Green is the most economical and easiest to use. 

 TaqMan probes are oligonucleotides that have a 
fluorescent probe attached to the 5' end and a quencher to the 3' end. 
During PCR amplification, these probes will hybridize to the target 
sequences located in the amplicon and as polymerase replicates the 
template with TaqMan bound, it also cleaves the fluorescent probe due 
to polymerase 5'- nuclease activity. Because the close proximity 
between the quench molecule and the fluorescent probe normally 
prevents fluorescence from being detected through FRET, the 
decoupling results in the increase of intensity of fluorescence 
proportional to the number of the probe cleavage cycles. Although well-
designed TaqMan probes produce accurate real-time RT-PCR results, it 
is expensive and time-consuming to synthesize when separate probes 
must be made for each mRNA target analyzed. 

 Similar to the TaqMan probes, Molecular Beacons also make 
use of FRET detection with fluorescent probes attached to the 5' end and 
a quencher attached to the 3' end of an oligonucleotide substrate. 
However, whereas the TaqMan fluorescent probes are cleaved during 
amplification, Molecular Beacon probes remain intact and rebind to a 
new target during each reaction cycle. When free in solution, the close 
proximity of the fluorescent probe and the quencher molecule prevents 
fluorescence through FRET. However, when Molecular Beacon probes 
hybridize to a target, the fluorescent dye and the quencher are separated 
resulting in the emittance of light upon excitation. As is with the TaqMan 
probes, Molecular Beacons are expensive to synthesize and require 
separate probes for each RNA target. The Scorpion 
probes, like Molecular Beacon, will not be fluorescent active in an 
unhybrdized state, again, due to the fluorescent probe on the 5' end 
being quenched by the moiety on the 3' end of an oligonucleotide. With 
Scorpions, however, the 3' end also contains sequence that is 
complementary to the extension product of the primer on the 5' end. 
When the Scorpion extension binds to its complement on the amplicon, 
the Scorpion structure opens, prevents FRET, and enables the 
fluorescent signal to be measured.  TaqMan probes, 
Molecular Beacons and Scorpions allow the concurrent measurement of 
PCR products in a single tube. This is possible because each of the 
different fluorescent dyes can be associated with a specific emission 

TaqMan Probes:

Molecular Beacon 
Probes:

Scorpion Probes: 

Multiplex Probes:

(1) In intact probes, reporter fluorescence is quenched. (2) Probes and the complementary DNA strand are hybridized and reporter fluorescence is still 
quenched. (3) During PCR, the probe is degraded by the Taq polymerase and the fluorescent reporter released.
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fluorescent reporter at one end and a quencher of fluorescence at the 
opposite end of the probe. The close proximity of the reporter to the 
quencher prevents detection of its fluorescence; breakdown of the probe 
by the 5' to 3' exonuclease activity of the Taq polymerase breaks the 
reporter-quencher proximity and thus allows unquenched emission of 
fluorescence, which can be detected after excitation with a laser. An 
increase in the product targeted by the reporter probe at each PCR cycle 
therefore causes a proportional increase in fluorescence due to the 
breakdown of the probe and release of the reporter.
1. The PCR is prepared as usual (see PCR), and the reporter probe is 

added.
2. As the reaction commences, during the annealing stage of the PCR 

both probe and primers anneal to the DNA target.
3. Polymerisation of a new DNA strand is initiated from the primers, and 

once the polymerase reaches the probe, its 5'-3'-exonuclease 
degrades the probe, physically separating the fluorescent reporter 
from the quencher, resulting in an increase in fluorescence.

4. Fluorescence is detected and measured in a real-time PCR 
machine, and its geometric increase corresponding to exponential 
increase of the product is used to determine the quantification cycle 
(Cq) in each reaction.

Quantifying gene expression by traditional DNA detection methods is 
unreliable. Detection of mRNA on a Northern blot or PCR products on a 
gel or Southern blot does not allow precise quantification. For example, 
over the 20-40 cycles of a typical PCR, the amount of DNA product 
reaches a plateau that is not directly correlated with the amount of target 
DNA in the initial PCR.  can be used to quantify nucleic 
acids by two common methods: relative quantification and absolute 
quantification. Relative quantification is based on internal reference 
genes to determine fold-differences in expression of the target gene. 
Absolute quantification gives the exact number of target DNA molecules 
by comparison with DNA standards.  of 
DNA quantification by real-time PCR relies on plotting fluorescence 
against the number of cycles on a logarithmic scale. A threshold for 
detection of DNA-based fluorescence is set slightly above background. 
The number of cycles at which the fluorescence exceeds the threshold is 
called the the threshold cycle (Ct) or, according to the MIQE guidelines, 
quantification cycle (Cq). During the exponential amplification phase, 
the sequence of the DNA target doubles every cycle. For example, a 
DNA sample whose Cq precedes that of another sample by 3 cycles 
contained 23 = 8 times more template. However, the efficiency of 
amplification is often variable among primers and templates. Therefore, 
the efficiency of a primer-template combination is assessed in a titration 
experiment with serial dilutions of DNA template to create a standard 
curve of the change in Cq with each dilution. The slope of the linear 
regression is then used to determine the efficiency of amplification, 
which is 100% if a dilution of 1:2 results in a Cq difference of 1. The cycle 
threshold method makes several assumptions of reaction mechanism 
and has a reliance on data from low signal-to-noise regions of the 
amplification profile that can introduce substantial variance during the 
data analysis. , the Cq for an RNA or DNA 
from the gene of interest is divided by Cq of RNA/DNA from a 
housekeeping gene in the same sample to normalize for variation in the 
amount and quality of RNA between different samples. This 
normalization procedure is commonly called the ÄÄCt-method and 

Quantification

Real-time PCR

A commonly-employed method

To quantify gene expression

permits comparison of expression of a gene of interest among different 
samples. However, for such comparison, expression of the normalizing 
reference gene needs to be very similar across all the samples. 
Choosing a reference gene fulfilling this criterion is therefore of high 
importance, and often challenging, because only very few genes show 
equal levels of expression across a range of different conditions or 
tissues. Although cycle threshold analysis is integrated with many 
commercial software systems, there are more accurate and reliable 
methods of analyzing amplification profile data that should be 
considered in cases where reproducibility is a concern. 

 qPCR quantification methods have also been suggested, and 
have the advantage that they do not require a standard curve for 
quantification. Methods such as MAK2  have been shown to have equal 
or better quantitative performance to standard curve methods. These 
mechanism-based methods use knowledge about the polymerase 
amplification process to generate estimates of the original sample 
concentration. An extension of this approach includes an accurate 
model of the entire PCR reaction profile, which allows for the use of high 
signal-to-noise data and the ability to validate data quality prior to 
analysis.

1. Quantitative mRNA expression studies.

2. DNA copy number measurements in genomic or viral DNAs.

3. Allelic discrimination assays or SNP genotyping.

4. Verification of microarray results.

5. Drug therapy efficacy.

6. DNA damage measurement.

The exponential amplification via reverse transcription polymerase 
chain reaction provides for a highly sensitive technique in which a very 
low copy number of RNA molecules can be detected. RT-PCR is widely 
used in the diagnosis of genetic diseases and, semiquantitatively, in the 
determination of the abundance of specific different RNA molecules 
within a cell or tissue as a measure of gene expression. Northern blot 
analysis is used to study the RNA's gene expression further. RT-PCR 
can also be very useful in the insertion of eukaryotic genes into 
prokaryotes. Because most eukaryotic genes contain introns which are 
present in the genome but not in the mature mRNA, the cDNA generated 
from a RT-PCR reaction is the exact (without regard to the error prone 
nature of reverse transcriptases) DNA sequence which would be directly 
translated into protein after transcription. When these genes are 
expressed in prokaryotic cells for the sake of protein production or 
purification, the RNA produced directly from transcription need not 
undergo splicing as the transcript contains only exons. (Prokaryotes, 
such as E. coli, lack the mRNA splicing mechanism of eukaryotes). 

 is commonly used in studying the genomes of viruses whose 
genomes are composed of RNA, such as Influenzavirus A and 
retroviruses like HIV.  for real-time 
polymerase chain reaction in the laboratory. It is commonly used for both 
diagnostic and basic research.  is applied to 
rapidly detect nucleic acids that are diagnostic of, for example, infectious 
diseases, cancer and genetic abnormalities. The introduction of real-
time PCR assays to the clinical microbiology laboratory has significantly 
improved the diagnosis of infectious diseases, and is deployed as a tool 
to detect newly emerging diseases, such as new strains of flu, in 
diagnostic tests.  is also used by microbiologists working 

Mechanism-
based

RT-
PCR

There are numerous applications

Diagnostic real-time PCR

Real-time PCR

Real Time PCR Applications Include
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in the fields of food safety, food spoilage and fermentation and for the 
microbial risk assessment of water quality (drinking and recreational 
waters) and in public health protection.  real-time 
PCR is mainly used to provide quantitative measurements of gene 
transcription. The technology may be used in determining how the 
genetic expression of a particular gene changes over time, such as in the 
response of tissue and cell cultures to an administration of a 
pharmacological agent, progression of cell differentiation, or in response 
to changes in environmental conditions. It is also used for the 

In research settings,

BOUQUET

In Lighter Vein

Wisdom Whispers

determination of zygosity of transgenic animals used in research.

Real time PCR allows for the detection of PCR product during the early 
phases of the reaction. This ability of measuring the reaction kinetics in 
the early phases of PCR provide a distinct advantage over traditional 
PCR detection. Traditional methods use gel electrophoresis for the 
detection of PCR amplification in the final phase or at end-point of the 
PCR reaction.

Real Time PCR VS Traditional PCR

Couple in their nineties are both having problems remembering 
things. During a checkup, the doctor tells them that they're 
physically okay, but they might want to start writing things down 
to help them remember .. 
Later that night, while watching TV, the old man gets up from his 
chair. 'Want anything while I'm in the kitchen?' he asks. 
'Will you get me a bowl of ice cream?' 
'Sure..' 
'Don't you think you should write it down so you can remember 
it?' she asks. 
'No, I can remember it..' 
‘Well, I'd like some strawberries on top, too. Maybe you should 
write it down, so as not to forget it?’
He says, 'I can remember that. You want a bowl of ice cream with 
strawberries.' 
'I'd also like whipped cream. I'm certain you'll forget that, write it 
down?' she asks. 
Irritated, he says, 'I don't need to write it down, I can remember it! 
Ice cream with strawberries and whipped cream - I got it, for 
goodness sake!’
Then he toddles into the kitchen. After about 20 minutes, The old 
man returns from the kitchen and hands his wife a plate of bacon 
and eggs.. She stares at the plate for a moment.
‘Where's my toast ?’

An elderly couple had dinner at another couple's house, and 
after eating, the wives left the table and went into the kitchen. 
The two gentlemen were talking, and one said, 'Last night we 
went out to a new restaurant and it was really great.. I would 
recommend it very highly..' 
The other man said, 'What is the name of the restaurant?' 
The first man thought and thought and finally said, 'What is the 
name of that flower you give to someone you love? 
You know.... The one that's red and has thorns..' 
‘Do you mean a rose?’
‘Yes, that's the one,' replied the man.. He then turned towards 
the kitchen and yelled, 'Rose, what's the name of that restaurant 
we went to last night?’

Morris, an 82 year-old man, went to the doctor to get a physical. 
A few days later, the doctor saw Morris walking down the street 
with a gorgeous young woman on his arm. A couple of days later, 
the doctor spoke to Morris and said, 'You're really doing great, 
aren't you?' 
Morris replied, 'Just doing what you said, Doc: 'Get a hot 
mamma and be cheerful.'’
The doctor said, 'I didn't say that.. I said, 'You've got a heart 
murmur; be careful.'

?If the plan doesn't work, chance the plan but never the goal.

?Motivation is what gets you started. Habit is what keeps you going.

?If you're never scared or embarrassed or hurt, it means you never take any chance.-
julua Sorel

?I am always doing that which I cannot do, in order that I may learn how to do it.

?Never be afraid to try something new. Remember that a lone amateur  built  the ark. A 
large group of professionals built the Titanic—Dave Berry

?Only those who dare to fail greatly can ever achieve greatly.

?Even if you're in the right track, you'll get run over if you just sit there.

?Every time you subtract negative from your life, you make room for more positive.

?Never think hard about PAST it brings TEARS. Do not think more about FUTURE it 
brings FEAR. Live this moment with a SMILE it brings CHEERS.

Brain Teasers

1. Which chemical is the most commonly 
used as a fixative for pathological 
specimens?
A. Picric acid
B. Mercuric chloride
C. Ethanol
D. Formaldehyde

2. Psammoma bodies are not seen in?
A. Meningioma
B. Papillary carcinoma thyroid
C. Follicular carcinoma thyroid
D. Serous cystadenocarcinoma of 
ovary

3. Which among the following is not a 
neuronal tumour?
A. Ependymoma
B. Ganglioglioma
C. Neurocytoma
D. Gangliocytoma

4. Necrotizing lymphadenitis is a 
characteristic feature of?
A. Hodgkin's disease
B. Kikuchi disease
C. Kimura disease
D. Castleman disease

5. Which among the following is not an 
autoimmune disease?
A. Myasthenia gravis
B. Systemic lupus erythematosus
C. Grave's disease
D. Sickle cell disease

6. Most commonly seen antibody in 
antiphospholipid antibody syndrome?
A. Anti beta 2 glycoprotein antibody
B. Anti nuclear antibody
C. Anti centromere antibody
D. Beta 2 microglobulin antibody

7. False regarding Bernard Soulier 
Syndrome?
A. Large platelets
B. Decreased platelet count
C. Ristocetin aggregation normal
D. Platelet aggregation in response 
to collagen and ADP is normal

8. HbH is seen in which of the following 
conditions?
A. Deletion of 3 beta genes
B. Deletion of 3 alpha genes
C. Deletion of 4 beta genes
D. Deletion of 4 alpha genes

Answer The Following MCQs

Answers: 1. D, 2. C, 3. A, 4. B, 5. D, 6. A, 7. C, 8. B
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PCR
Requisites for Superior PCR Results
Adjustments to any of the components of a PCR reaction can alter the 
quality of the outcome, either improving or diminishing the product yield 
and quality, or reaction specificity and sensitivity. Parameters that 
influence the end result can be either physical (i.e. temperature, cycle 
times) or chemical (i.e. template concentration, type of enzyme used). 
The following are several key factors that influence the success of PCR.

Since PCR is capable of detecting a single molecule of DNA, it is 
important to maintain pristine conditions in the laboratory. Always wear 
fresh gloves, use sterile glassware, tubes and pipette tips, and sterile 
solutions and clean the work area before beginning work. Always include 
control reactions, without template DNA and without enzyme, to ensure 
the results are truely due to amplification of the right sample. Most 
people make sure to have their own set of solutions that are not shared, 
in order to make trouble-shooting easier, and designated pipettes are 
often set aside for PCR only. DNase and RNase-free PCR tubes, 
aerosol-resistant pipette tips and working in a fumehood with UV light 
are also ways to minimize problems.

Also of critical importance is the purity and integrity of template (purified 
DNA) and primer design. There are several software programs available 
online for designing primers. The best primers have 18-24 bases, no 
secondary structure (i.e. hairpin loops), balanced distribution of G/C and 
A/T pairs, are not complimentary to each other at the 3' ends and have 
melting temperatures (Tm) about 5-10 degrees celcius below the 
annealing temperature, which is usually between 55 and 65 degrees 
celcius. The Tm for both primers should be similar for best results.

The proportions of the reaction mixture have a huge influence of the 
quality of PCR results. There is a general formula for concentrations of 

1. Clean Laboratory Conditions

2. Chemical Components

3. Reaction Mix: Template and Primers

template, enzyme, primers and nucleotides to use, but this can be 
tweaked a little bit. Optimal primer concentrations are between 0.1 and 
0.6 micromoles/L. The amount of template varies depending on the type 
of DNA (human, bacterial, plasmid). With very low amounts of template 
there are other strategies to improve results, like increased cycle 
numbers or use of "hot start". Always test new primers with a positive 
control reaction, to be sure they work under your specific experimental 
conditions.

The choice of DNA polymerase affects the fidelity of the reaction and 
quality of product. The traditional Taq polymerase has been replaced in 
many labs by higher fidelity enzymes (those that make less errors). The 
concentration of MgCl  in the reaction mix can influence the PCR 2

outcome and could play an important role in more fastidious reactions. 
Magnesium cation forms soluble complexes with dNTPs to produce the 
actual substrate that the polymerase enzyme recognizes. Equal 
amounts of all four dNTPs also help reduce the polymerase error rate. 
Certain additives such as betaine, BSA, detergents, DMSO, glycerol and 
pyrophosphatase can also affect enzyme specificity or reaction 
efficiency.

When shopping for laboratory equipment, bear in mind that some 
thermocyclers are less precise than others at maintaining exact, desired 
temperatures. This is one area where going cheap might not pay off in 
the long run, if you are faced with a finicky reaction or using primers that 
require a narrow range of annealing temperature. Thin-walled reaction 
tubes designed to fit the precise brand of thermocycler you are using, 
also help optimize reaction temperatures.

Reaction cycle lengths, temperatures, and number of cycles, all have a 
critial role in determining how well a PCR will work. The initial heating 
step must be long enough to completely denature the template and 
cycles must be long enough to prevent melted DNA from reannealing to 
itself. Increased yield can be achieved by increasing the extension time 
about every 20 cycles, to compensate for less enzyme to amplify more 
template. Usually less than 40 cycles is enough to amplify less than 10 
template molecules to a concentration large enough to view on an 
ethidium bromide-stained agarose gel.

4. Reaction Mix: Enzyme Activity

5. Type of Thermocycler

6. Cycle Settings

TROUBLESHOOTING
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