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Abstract

experienced persons and sophisticated equipment.

This review will describe about the loop mediated isothermal amplification (LAMP) and its advantages in detection
of opportunistic infections in HIV infected individuals. HIV infection is the strongest risk factor for development of
tuberculosis (TB) and Cytomegalovirus (CMV) conversely both TB and CMV are the commonest HIV-associated
opportunistic diseases worldwide. Loop-mediated isothermal amplification (LAMP) can amplify DNA with high
specificity, efficiency and rapidity under isothermal condition. One of the great advantages of the LAMP assay is
that amplification can be monitored with the naked eye using SYBR green dye. This sort of detection system is easy
and helpful in discriminating infectious and non infectious samples. In view of the advantages of rapid amplification,
and easy detection, LAMP has potential applications for clinical diagnosis in developing countries without requiring
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Introduction

The human immunodeficiency virus (HIV) is a retrovirus that
causes AIDS (acquired immune deficiency syndrome). HIV/AIDS
remains a significant problem. The concern is not only a major
public health issue, but also a socio-economic and developmental
crisis that affects all sectors of the population [1]. In India HIV was
first identified in 1986. India is emerging globally as a country with
the largest number of AIDS patients. In India, nearly 22.7 lakh people
are living with HIV infection [2]. People with HIV can get many
infections known as opportunistic infections or OIs. Many people do
not know that they have HIV until the first time that they have an OI.
Opportunistic infections are conditions that occur in individuals who
have a weakened immune system. The organisms (bacteria, fungi or
viruses) that cause these infections do not cause illnesses in patients
who have healthy immune systems because they are able to fight off the
infection. To measure the strength of the immune system of a patient
with HIV is to measure the T cell count. When the T cell count is below
200 cells, the patient has developed AIDS and is at risk for opportunistic
infections. The common co-infections in HIV infected individuals are
tuberculosis, chronic diarrhoea, candidiasis, HSV-2, CMV, HCV and
HBV. This article discusses the most common opportunistic infection
TB & CMV in HIV infected individuals & loop mediated isothermal
amplification (LAMP)

Mycobacterium Tuberculosis (TB)

Tuberculosis (TB) is clearly the most important severe HIV-related
disease. TB infects approximately one third of the world’s population
and causes an estimated 2 million deaths annually [3]. TB disease in
persons with HIV infection can develop immediately after exposure
(i.e. primary disease) or as a result of progression after establishment of
latent TB infection. An individual infected with HIV has 10 times more
risk of developing TB when compared with a normal person. The risk of
progression to active TB is highest in those with HIV co-infections [4].
HIV positive individual with any of the following symptoms should be
suspected of having TB and investigated further: cough of more than 2

weeks duration, fever lasting more than 2-3 weeks, weight loss, fatigue,
listlessness, unexplained dyspnoea and chest pain. The detection of TB
among HIV individuals is very difficult.

Cytomegalovirus (CMV)

Viral infections, in particular are the main cause of HIV infected
individuals and can leads to morbidity and mortality. Cytomegalovirus
(CMV) disease is a frequent opportunistic infection. The virus is very
common. When the immune defenses are weak, CMV can attack
several parts of the body. This can be caused by various diseases
including HIV. The human cytomegalovirus (CMV) is a dsDNA-virus
that belongs to the B-herpesviruses (HHV-5) group [5]. Manifestation
of CMV includes pneumonities, neurological diseases and retinitis.
CMV retinitis is a common cause of HIV-associated blindness in this
region and the second most common opportunistic infection. The
most common illness caused by CMV is retinitis. It can quickly cause
blindness unless treated. CMV can spread throughout the body and
infect several organs at once. The risk of CMV is highest when CD4 cell
counts are below 50. It is rare in people with 100 or more CD4 cells. The
first signs of CMV retinitis are vision problems such as moving black
spots. These are called “floaters” They may indicate an inflammation of
the retina. Patients may also notice light flashes, decreased or distorted
vision, or blind spots. In developing countries one third of the patients
will develop CMV retinitis, in that 90% are the cases of HIV related
blindness. Many doctors lack the skills for adequate management of
CMYV retinitis, and patients also commonly arrive to doctor when the
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disease is at late stage & finally it leads to poor outcome. Therefore there
is a need for simple system for the management of CMV at the primary
level.

Molecular Detection of Opportunistic Infections

Opportunistic Infections in HIV infected individuals present
challenges to both early diagnosis and satisfactory management.
Novel nucleic acids amplification methods are developed in order
to meet these challenges. Molecular techniques such as polymerase
chain reaction (PCR) can be used to solve that type of problems and
increase sensitivity and specificity of pathogen detection. A PCR
reaction typically utilizes two oligonucleotide primers, which are
hybridized to the 5 and 3 borders of the target sequence, and a DNA
polymerase, which can extend the annealed primers by adding on
dNTPs to generate double-stranded products. By raising and lowering
the temperature of the reaction mixture, the two strands of the DNA
product are separated and can serve as templates for the next round of
annealing and extension, and the process is repeated [6]. In addition
to conventional PCR, recent advanced technologies, like nested PCR
and real-time PCR, have been used for early and rapid detection of
infections in HIV patients. Although nested PCR and real-time PCR
are beneficial, they both require expensive equipment, as well as a huge
amount of space in routine diagnostic laboratories, limiting their use
to highly sophisticated facilities. Despite the availability of numerous
diagnostic methods, there is no single rapid, sensitive inexpensive and
less laborious method for field diagnosis of those diseases. Although
PCR techniques have significantly increased our ability to detect
infections, their requirement for a high-precision thermal cycler has
prevented these powerful methods from being widely used in the field
or by private clinics as a routine diagnostic tool. These methods can
be technically difficult, and they require considerable expertise, which
can be a major hindrance in providing correct diagnosis of the patient.

Mediated isothermal amplification (LAMP) assay

Loop Nucleic acid amplification is one of the most valuable tools
in virtually all life science fields, including application -oriented
fields such as clinical medicine, in which diagnosis of infectious
diseases, genetic disorders and genetic traits is particularly by this
new technique in addition to the widely used PCR based detection.
Novel developments in molecular diagnostic tools have demonstrated
the possibility of DNA amplification under isothermal conditions, i.e.
without thermal cycling. A recently developed method termed loop-
mediated isothermal amplification (LAMP) can amplify DNA with
high specificity, efficiency and rapidity under isothermal condition
[7]. Loop-mediated isothermal amplification (LAMP) is a nucleic
acid amplification technology that amplifies DNA under isothermal
condition. The LAMP method requires a Bst DNA polymerase and
set of four to six specific designed primers that recognize a total of six
distinct sequences of the target DNA and with strand displacement
activity.

The LAMP operation is quite simple. The target gene and the
reagents are incubated at a constant temperature between 60-65°C.
One of the LAMP primers can anneal to the complimentary sequence
of double stranded target DNA, then initiates DNA synthesis using the
DNA polymerase with strand displacement activity, displacing and
releasing a single stranded DNA. This serves as a template for DNA
synthesis primed by the second inner and outer primer that hybridize to
the other end of the target, which produce a stem-loop DNA structure.
In subsequent LAMP cycling one inner primer hybridizes to the loop
on the product and initiate displacement DNA synthesis yielding the

original stem-loop DNA and a new stem- loop DNA with a stem twice
as long. The cycling reaction had the ability to accurately amplify a few
copies of DNA to 109 in less than an hour under isothermal conditions
with great accuracy. The amplification products are stem-loop DNA
structures with several inverted repeats of the target and cauliflower-
like structures with multiple loops. The LAMP method is also a highly
efficient amplification method that allows the synthesis of large amounts
of DNA in a short time. Visual detection was performed with the naked
eye using SYBR green I, which turns green in the presence of amplified
DNA. A sample was considered positive when the reaction mixture
turned green after the addition of SYBR green I dye. The endpoint
determination for a positive sample by agarose gel-based detection is
done by observing a typical ladder pattern. Mori et al. [8] originally
reported that the LAMP amplicons can be detected by confirming the
presence of magnesium pyrophosphate, a white precipitate generated
as a by-product during the reaction. Although this is a quite simple
approach, detecting a small amount of the white precipitate by the
naked eye is not always easy; therefore, the detection limit is apparently
inferior to that of electrophoresis.

LAMP advantages

LAMP method has high specificity towards the template sequences.
This is caused by recognizing the template sequences by 6 independent
sequences in the initial stage, and by 4 independent sequences during
later stage of LAMP reaction - partly reducing the main problem that
accompanies all methods of amplification. One more advantage is
the possibility of using this method for highly efficient amplification
of RNA, if it is joined with reverse transcription. One of the great
advantages of the LAMP assay is that amplification can be monitored
with the naked eye using SYBR green dye. This sort of detection system
is easy and helpful in discriminating infectious and non infectious
samples, and another advantage using LAMP is based on the fact that
the amplification from stem-loop structures leads to accumulation
of large amounts of products of varying lengths ultimately making
detection of amplified DNA much easier. Furthermore, the by-
product of the reaction, magnesium pyrophosphate, is a white-colored
precipitate easily seen by the naked eye.

Studies carried out on LAMP Assay in Research Group: A survey
of the literature shows that the LAMP method has already been
developed and applied for the detection of over 100 different pathogens
[9]. Boehme et al. [10] evaluated a prototype LAMP assay with
simplified manual DNA extraction for the detection of pulmonary TB
in microscopy centers and demonstrated that the sensitivity of LAMP
in smear- and culture positive sputum specimens was 97.7% and in
smear negative, culture-positive specimens was 48.8%. The specificity
in culture-negative samples was 99%. Very few studies on CMV &
TB in HIV patients were reported from India. A study from Nagpur
observed 88.23% sensitivity and 80% specificity compared to nested
PCR which yielded 52.9% sensitivity and 90% specificity. Khushboo
et al. [11] confirmed that LAMP assay is more sensitive when small
mycobacterial loads are present. Other studies from Hyderabad L.V
Prasad eye institute [12,13] reported 100% concordance between RT-
PCR & LAMP specificity in the diagnosis of retinitis caused by CMV
and HSV-1.

All the studies looked at the prevalence of opportunistic infections
of HIV infected individuals and found positive for TB and CMV and
most of these studies found to be detected CD4+ T-cells countless or
equal to 200 cells [14,15]. Studies reported from India on viral and
bacterial opportunistic infections detected in HIV infected individuals
and confirmed the high association of CMV and TB with HIV infection
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in small number of patients, and studies are not taken into consideration
about clinical profile of the participants and other socio demographical
factors associated with diseases outcome.

Conclusion

Opportunistic infections continue to be one of the most common
complication of HIV infected patients and the public health. There
is an urgent need to interpret the scientific findings into sustainable
prevention programmes and improve public health policy. LAMP
assay is an easy operation with high sensitivity and specificity, it will
be simple enough to use in well-equipped laboratories with adequate
bio-safety arrangement if facilities such as sample preparation, nucleic
acid extraction, and cross-contamination controls are addressed. It
has a great potential to improve the clinicians’ ability to diagnose
opportunistic infections in HIV infected individuals. More research
on the effectiveness of less expensive interventions needs to be done in
resource poor settings like India.

References

1. Nsimba SED, Irunde H, Comoro C (2010) Barriers to ARV Adherence among
HIV/AIDS Positive Persons taking Anti-Retroviral Therapy in Two Tanzanian
Regions 8-12 Months after Program Initiation. J AIDS Clinic Res 1: 111.

2. Patel SD, Kinariwala DM, Javadekar TB (2011) Clinico-microbiological study
of opportunistic infection in HIV seropositive patients. Indian J Sex Transm Dis
32:90-93

3. Dye C (2000) Tuberculosis 2000-2010: control, but not elimination. Int J Tuberc
Lung Dis 4: S146-S152.

4. Lawn SD, Wood R, Wilkinson RJ (2011) Changing concepts of “latent
tuberculosis infection” in patients living with HIV infection. Clin Dev Immunol
pii: 980594.

J AIDS Clinic Res
ISSN:2155-6113 JAR an open access journal

10.

1.

12

13.

14.

15.

Straus SE (2005) Introduction to Herpesviridae. In: Principles and Practice of
Infectious Diseases. (6thedn), Mandell GL, Bennett JE, Dolin R (Eds). Elsevier
Churchill Livingstone 2: 1756-1762.

Eisenstein M (2004) DNA cloning and amplification; Breaking the cycle. Nature
Methods 1: 1-2.

Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, et al. (2000)
Loop-mediated isothermal amplification of DNA. Nucleic Acids Res 28: E63.

Mori Y, Nagamine K, Tomita N, Notomi T (2001) Detection of loop-mediated
isothermal amplification reaction by turbidity derived from magnesium
pyrophosphate formation. Biochem Biophys Res Commun 289: 150-154.

Karanis P, Ongerth JE (2009) LAMP — an emerging technology for the detection
of water- and food-borne protozoan parasites. Trends Parasitol 25: 498-499.

Boehme CC, Nabeta P, Henostroza G, Ragib R, Rahim Z, et al. (2007)
Operational feasibility of using loop-mediated isothermal amplification for
diagnosis of pulmonary tuberculosis in microscopy centers of developing
countries. J Clin Microbiol 45: 1936—1940.

Nagdev KJ, Kashyap RS, Parida MM, Kapgate RC, Purohit HJ, et al. (2011)
Loop-mediated isothermal amplification for rapid and reliable diagnosis of
tuberculous meningitis. J Clin Microbiol 49: 1861-1865.

.Reddy AK, Balne PK, Reddy RK, Mathai A, Kaur | (2011) Loop-mediated

isothermal amplification assay for the diagnosis of retinitis caused by herpes
simplex virus-1. Clin Microbiol Infect 17: 210-213.

Reddy AK, Balne PK, Reddy RK, Mathai A, Kaur | (2010) Development and
Evaluation of Loop-Mediated Isothermal Amplification Assay for Rapid and
Inexpensive Detection of Cytomegalovirus DNA in Vitreous Specimens from
Suspected Cases of Viral Retinitis. J Clin Microbiol 48: 2050-2052.

Ghate M, Deshpande S, Tripathy S, Godbole S, Nene M, et al. (2011) Mortality
in HIV infected individuals in Pune, India. Indian J Med Res 133: 414-420.

Achhra AC, Zhou J, Dabis F, Pujari S, Thiebaut R, et al. (2010) Difference
in absolute CD4+ count according to CD4 percentage between Asian and
Caucasian HIV-infected patients. J AIDS Clin Res 1: 1-4.

Volume 3 ¢ Issue 5 « 1000154


http://www.omicsonline.org/2155-6113/2155-6113-1-111.php
http://www.omicsonline.org/2155-6113/2155-6113-1-111.php
http://www.omicsonline.org/2155-6113/2155-6113-1-111.php
http://www.ncbi.nlm.nih.gov/pubmed/22021969
http://www.ncbi.nlm.nih.gov/pubmed/22021969
http://www.ncbi.nlm.nih.gov/pubmed/22021969
http://www.ncbi.nlm.nih.gov/pubmed/11144545
http://www.ncbi.nlm.nih.gov/pubmed/11144545
http://www.ncbi.nlm.nih.gov/pubmed/20936108
http://www.ncbi.nlm.nih.gov/pubmed/20936108
http://www.ncbi.nlm.nih.gov/pubmed/20936108
http://www.ncbi.nlm.nih.gov/pubmed/10871386
http://www.ncbi.nlm.nih.gov/pubmed/10871386
http://www.ncbi.nlm.nih.gov/pubmed/11708792
http://www.ncbi.nlm.nih.gov/pubmed/11708792
http://www.ncbi.nlm.nih.gov/pubmed/11708792
http://www.ncbi.nlm.nih.gov/pubmed/17392443
http://www.ncbi.nlm.nih.gov/pubmed/17392443
http://www.ncbi.nlm.nih.gov/pubmed/17392443
http://www.ncbi.nlm.nih.gov/pubmed/17392443
http://www.ncbi.nlm.nih.gov/pubmed/21411583
http://www.ncbi.nlm.nih.gov/pubmed/21411583
http://www.ncbi.nlm.nih.gov/pubmed/21411583
http://www.ncbi.nlm.nih.gov/pubmed/20298270
http://www.ncbi.nlm.nih.gov/pubmed/20298270
http://www.ncbi.nlm.nih.gov/pubmed/20298270
http://www.ncbi.nlm.nih.gov/pubmed/20351207
http://www.ncbi.nlm.nih.gov/pubmed/20351207
http://www.ncbi.nlm.nih.gov/pubmed/20351207
http://www.ncbi.nlm.nih.gov/pubmed/20351207
http://www.ncbi.nlm.nih.gov/pubmed/21537095
http://www.ncbi.nlm.nih.gov/pubmed/21537095
http://www.ncbi.nlm.nih.gov/pubmed/21479149
http://www.ncbi.nlm.nih.gov/pubmed/21479149
http://www.ncbi.nlm.nih.gov/pubmed/21479149

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Mycobacterium Tuberculosis (TB)
	Cytomegalovirus (CMV)
	Molecular Detection of Opportunistic Infections
	Mediated isothermal amplification (LAMP) assay
	LAMP advantages

	Conclusion
	References

