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ABSTRACT 

Marathe Jai G. M.S., Program in Microbiology and 
Immunology, Wright State University, 2006. Susceptibility 
of Primary Eosinophils to Infection with HIV-1 Strain HTLV-
IIIB. 
 
 

Over the past two decades, much research has been done 

in the field of human immunodeficiency virus (HIV) and 

acquired immunodeficiency syndrome (AIDS). However, many of 

the aspects of pathogenesis of HIV infection and its 

persistence in the body, despite treatment, remain a 

mystery. Recent evidence suggests that HIV positive 

patients develop eosinophilia, especially in the later 

stages of infection and AIDS. Eosinophils are CD4 positive 

cells that have the potential to be infected by HIV. 

Studies have shown that an eosinophilic cell line, 

AML14.3D10, can be productively infected with a T-cell 

tropic, CXCR4-using (X4) strain of HIV-1. In this study, 

primary human eosinophils from four healthy volunteers were 

shown to be susceptible to infection with a T-cell tropic, 

CXCR4-using (X4) strain of HIV-1, HTLV-IIIB. This data was 

supported by results from quantitative polymerase chain 

reaction (Q-PCR), which detected high HIV copy numbers in
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infected eosinophil samples. In two out of four donors, 

these copy numbers were comparable to those obtained from 

infected AML14.3D10, used as a positive control. In all 

four donors, the number of viral copies detected in 

infected eosinophils were significantly (p<0.05) higher 

than those detected in infected peripheral blood 

mononuclear cells (PBMCs). Donor variability was observed 

in viral loads detected. No correlation was observed 

between the viral load and the production of p24. However, 

infected eosinophils showed higher amounts of p24 

production, as compared to infected PBMCs with or without 

IL-2, in three out of four donors suggesting productive 

infection. Therefore, it is concluded that primary human 

eosinophils are susceptible to productive infection by X4 

HIV-1.  
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I. INTRODUCTION 

 
1. Human immunodeficiency virus (HIV): 

1.1. History 

A new virus was first isolated and associated with 

acquired immunodeficiency syndrome (AIDS) in 1983 ((1). 

Initially called by various names like human T-cell 

leukemia virus IIIB (HTLV-IIIB) and AIDS-associated 

retrovirus (ARV), it was subsequently classified as a 

lentivirus belonging to the family Retroviridae and named 

human immunodeficiency virus (HIV) (22). Shortly 

thereafter, another retrovirus isolated from West African 

patients was recovered which was genetically different from 

the original HIV-1 and was named HIV-2. Within a few years 

of the discovery of HIV-1, two different strains were 

observed. One strain was macrophage-tropic and showed no 

syncytia formation in the infected culture, these were 

called as non-syncytia inducing (NSI) strain. The other 

strain was T-cell tropic and called as syncytia inducing 

(SI) strain because infected cultures showed multi-

 1 
 



nucleated giant cell formation(5, 14, 40). It was much 

later that the reason for this became apparent when further 

research showed that SI viruses used chemokine receptor 

(CCR5) and NSI viruses used chemokine receptor (CXCR4) to 

gain entry into the cells(3). Accordingly, these strains 

are now called as R5 and X4 strains. 

HIV1-IIIB is an X4 lab-adapted strain. Culture fluids 

isolated from bone marrow and peripheral blood of AIDS 

patients were used to establish a permanent and productive 

infection in H9 cells. The virus isolated and characterized 

from this infection was originally termed as HTLV-IIIB. 

This virus is capable of infecting PBMCs and a number of T-

cell lines like CEM, H9, HeLa CD4+ etc. Recently it was 

shown to infect an eosinophilic cell-line AML14.3D10 (39, 

48).  

 

1.2. Lifecycle: 

It is an enveloped virus with a diploid single-

stranded RNA (ssRNA) genome. The envelope bears viral gp120 

glycoprotein, which is antigenic. Interaction between the 

gp120 and the CD4 receptor molecule (26), along with 

specific co-receptors such as CXCR4 and CCR5 on the cell 

surface allow the fusion of envelope with the host cell’s 

membrane (3). This is the mechanism of viral entry into a 
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susceptible host cell. Once the ssRNA is injected into the 

host cell, it is converted to double-stranded DNA copy (ds 

DNA) by the enzyme reverse transcriptase (RT) (24, 51). 

This dsDNA is integrated into the host genome and is now 

called provirus. Using the host cell machinery viral genes 

are transcribed and translated. Transcription of provirus 

yields both viral mRNA as well as viral genomic RNA. 

Translation of viral mRNA yields immature proteins which 

are cleaved by viral proteases to yield mature proteins. 

Assembly of these proteins around diploid ssRNA strands 

results in the formation of viral particles which then bud 

out of the cell acquiring an envelope in this process.  

 

1.3. Human cells infected with HIV: 

Earliest studies described HIV infection of peripheral 

blood mononuclear cells (PBMCs)(1). Knowledge acquired over 

the past two decades shows that HIV infection is not 

limited to PBMCs alone and has been shown to occur in a 

large variety of cells from different organs(22). HIV has 

been shown to infect cells from various systems like:- 

 Hematopoietic system- T-lymphocytes, B-lymphocytes, 

Macrophages, Stem cells, Dendritic cells 

 Nervous system- Astrocytes, Oligodendrocytes, Choroid 

plexus ganglia cells, Microglia 
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 Gastro-intestinal system- Columnar and goblet cells, 

Enterochromaffin cells, Hepatocytes, Kupffer cells 

 Genito-urinary system- Renal tubular cells, Cervix 

derived epithelial cells, Cervix, Prostate, Testes 

 Skin and musculo-skeletal system- Langerhans cells, 

Fibroblasts, Synovial membrane, Osteosarcoma cells  

 Other- Myocardium, Retinal cells, Trophoblasts, Fetal 

chorionic villi, Fetal adrenal cells 

 However, eosinophil, an important cell of the immune 

system has been largely neglected. 

 

2. Eosinophils: 

Eosinophils are specialized antigen presenting cells 

of the immune system. They are responsible for the 

production of certain immunomodulatory cytokines and for 

activation of CD4+ T-cells. They have an important 

pathogenic role in various disorders like allergies, 

vasculitic granulomatous diseases etc (17, 45). Their key 

protective role is in the innate response against parasitic 

infections. 
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Figure 1: Schematic representation of an HIV virion: 

The viral diploid ssRNA genome is enclosed within the 

core. ssRNA is shown to carry the enzyme reverse 

transcriptase. Envelope forms the outermost covering of the 

virus particle and bears important viral proteins like 

gp41, a transmembrane protein, and gp120, non-covalently 

bound to gp41. 
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Figure 1: Schematic representation of an HIV virion 
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Figure 2: Diagrammatic representation of lifecycle of HIV: 

Each step in the lifecycle of HIV is numbered in the 

sequence it occurs. 

1- Binding of HIV to suitable receptors 

2- Fusion of viral envelope with cell-surface (Viral 

entry) 

3- Pre-integration complex in the cell cytosol (reverse 

transcription occurs) 

4- Formation of double stranded DNA (ds DNA) which 

migrates into the nucleus 

5- Integration of ds DNA into the host cell genome (viral 

DNA called as provirus) 

6- Transcription of viral DNA and translation to viral 

proteins  

7- Assembly of virus particle 

8- Budding of virus from cell-membrane 

9- Mature virus 

 7 
 



Figure 2: Diagrammatic representation of lifecycle of HIV: 
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2.1. Importance of eosinophils in HIV infection: 

Eosinophils are CD4+ cells and as early as 1989 it was 

shown that they can bind HIV protein gp120 (25). In 

developing countries like Africa, there is a high incidence 

of eosinophilia due to parasitic infections. Also, various 

studies have shown that in the later stages of AIDS, HIV 

positive patients develop eosinophilia (9, 12, 32, 34, 37, 

42). These high numbers of circulating eosinophils 

represent potential hosts for HIV infection and its 

establishment and spread throughout the body. Thus, in 

depth study of HIV infection of eosinophils has a special 

significance.  

 

2.2. Previous studies 

In spite of this obvious importance, only three 

isolated studies done in the last decade have focused on 

this (10, 16, 47). Out of these, one study (10) 

demonstrated the presence of HIV DNA in primary eosinophils 

isolated from 2 out of 18 HIV sero-positive patients thus 

providing evidence that eosinophils are targeted by HIV in 

vivo. These studies, however, have certain shortcomings. 

The most important short coming was that none of these 

studies were quantitative. Two of the studies (16, 47)did 
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not look at normal eosinophils. Freedman and his group used 

eosinophil precursors which were then processed to form 

mature eosinophils. In the peripheral blood, only mature 

eosinophils are found and hence the results of this study 

could not be extrapolated to the in vivo conditions. Also, 

this study stated that HTLV-IIIB strain could not infect 

eosinophils. Later studies provided evidence that 

eosinophils could be infected with HTLV-IIIB. Weller and 

his group of researchers performed an elaborate study to 

study HIV-1 infection of eosinophils. However, they 

isolated eosinophils from peripheral blood of patients with 

eosinophilia. These patients have phenotypically altered 

eosinophils (31) and hence they are probably not a good 

study model. They only group that used primary normal 

eosinophils was Conway et al. (10). The importance of this 

study was that it was done using primary eosinophil 

isolates from blood and it showed that not only could 

eosinophils be transiently infected in vitro but also that 

the eosinophils isolated from HIV positive patients are 

infected in vivo, but the researchers had not specified the 

stage of HIV infection in the HIV-positive patients or 

their drug treatment status. The eosinophil count of HIV 

positive patients was not mentioned. They also had not 

characterized the HIV strain that had been identified in 
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the eosinophils isolated from two of the HIV positive 

patients. 

In an effort to further the research in this field, 

our lab has been focusing on HIV infection of eosinophils. 

The most recent studies published were done in our 

laboratory (39, 48) and both studies were done using an 

eosinophilic cell line AML14.3D10. These conclusively 

proved that an eosinophilic cell line can be successfully 

infected with HIV. However, infection is strain dependent 

i.e. X4 HIV-1 strain, HTLV-IIIB, could infect the 

eosinophilic cell line but a macrophage-tropic; CCR5-using 

(R5) strain could not. In view of these results being 

obtained from a cell-line, it is now important to conduct a 

study using primary eosinophils.  

 

3. AML14.3D10 cell line: 

AML14.3D10 cells are a sub-clone of a human myeloid 

cell line AML14 (2). AML14.3D10 cells exhibit eosinophilic 

phenotype and also produce large amounts of eosinophil 

granule proteins like major basic protein (MBP). The cells 

can proliferate in the absence of cytokine stimulation and 

their doubling time is about 48 hours. The cells are CD4+ 

and also CXCR4+. This is currently the best cell line model 
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for study of eosinophils and was used as a positive 

control. 

 

4. Peripheral blood mononuclear cells (PBMCs): 

PBMCs comprise of lymphocytes and monocytes. These 

were the first cells shown to be infected with HIV. Within 

a few years of the discovery of HIV-1, two different 

strains were observed. One strain was macrophage-tropic and 

showed no syncytia formation in the infected culture, these 

were called as non-syncytia inducing (NSI) strain. The 

other strain was T-cell tropic and called as syncytia 

inducing (SI) strain because infected cultures showed 

multi-nucleated giant cell formation(5, 14, 40). It was 

much later that the reason for this became apparent when 

further research showed that SI viruses used chemokine 

receptor (CCR5) and NSI viruses used chemokine receptor 

(CXCR4) to gain entry into the cells(3). Accordingly, these 

strains are now called as R5 and X4 strains. The present 

study was done using an X4 strain to infect PBMCs either 

treated with or without interleukin-2. The major focus of 

this description is on T-cells for two reasons: firstly, 

because the X4 strain used in the study is not expected to 

infect monocytes; and secondly because culturing PBMCs 

overnight in a flask before infection would cause most of 
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the monocytes to be removed due to adherence of these cells 

to the flask. 

 

4.1. Susceptibility of T-cells to HTLV-IIIB infection:  

It has been demonstrated that HIV can enter quiescent 

cells but does not integrate into the host genome (38, 50, 

51). However, certain cytokines like IL-2, IL-4, IL-6, IL-7 

or IL-15 make resting T-cells permissive to HIV-1 infection 

(44). 

 

4.2. Effect of interleukin-2 (IL-2) on lymphocytes and 

their infection with HIV-1 X4 strains: 

IL-2 is a cytokine. It is a chemotactic agent and has 

also been known to enhance the viability of lymphocytes and 

to cause clonal expansion of stimulated T-cells. 

Circulating T-cells are in resting stage. They do not 

express IL-2 receptors nor does IL-2 stimulate them (4). 

However, recently, IL-2 treatment was administered to HIV 

positive patients (49). The results of this study suggest 

that IL-2 increased the CD4+ cell counts without increasing 

viral loads. This observation is in contradiction to the 

study (44), mentioned earlier, which studied ex vivo T 

lymphocytes and concluded that cytokine stimulation with 
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IL-2 can render resting T–cells permissive to HIV-1 

infection.  

In addition to their use as a positive primary cell 

control for infection, this study also compares infection 

of unstimulated isolated peripheral PBMCs with that of IL-2 

stimulated PBMCs.  

 

5. 8E5/LAV cell-line: 

8E5/LAV cell-line was developed from A3.01 parent T-

cell line. A3.01 cells were infected with lymphadenopathy 

associated (LAV) virus and then exposed to 5-iodo-2'-

deoxyuridine (IUdR) (15). From the clones surviving a 

series of three exposures to IUdR a single clone 8E5 was 

isolated. This clone had a single HIV proviral copy, 

secreted high levels of p24 but had no reverse 

transcriptase activity. On propagation, these cells 

produced defective virus particles and have no un-

integrated viral DNA. DNA obtained from 8E5/LAV cells was 

used to generate the standard curve for real-time 

polymerase chain reaction (Q-PCR) experiments. 
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II. Materials 

 

Primary eosinophils and peripheral blood mononuclear 

cells (PBMCs) were isolated from healthy donors between the 

ages of 21-65 years. Primary neutrophils, monocytes and 

lymphocytes were isolated from the same donors. AML14.3D10 

cell line was maintained in our laboratory. Granulocyte-

monocyte colony stimulating factor (GM-CSF) was purchased 

from R&D systems. Native Interleukin-2 (IL-2) was purchased 

from Hemagen Diagnostics, Inc., Waltham, MA. Eosinophil 

isolation kit, CD16 Microbeads, CD14 Microbeads, CD3 APC 

antibodies, CD14 APC antibodies, IgG control for APC 

antibodies were purchased from Miltenyi Biotec. CD16 PerCp-

Cy5.5 antibodies and IgG control for PerCp-Cy5.5 were 

purchased from BD biosciences. p24 antigen enzyme-linked 

immunosorbent assay (ELISA) was done using Retro-Tek HIV-1 

p24 antigen ELISA kit from Zeptometrix Corporation.  

Primers and probes used for quantitative polymerase chain 

reaction (Q-PCR) were purchased from Integrated DNA 

Technologies (IDT). Hema3 stain used for hematological 

staining was purchased from Fisher Scientific. The various 

 15 
 



virus strains used were human T-cell lymphotropic IIIB 

virus (HTLV IIIB) strain and 8E5/LAV strains maintained in 

our laboratory.  
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III. Methods 

 

Cell culture: 

AML14.3D10, an eosinophilic cell line was cultured in 

RPMI 1640 (90%) supplemented with 2mM L-glutamine, 100 U/ml 

penicillin, 100 µg/ml streptomycin, 20% heat-inactivated 

fetal calf serum, 5 X 10-5 M β-Mercaptoethanol, and 1mM 

sodium pyruvate. Cells were maintained at sub-confluency 

and passaged every three/four days. Cells were also 

passaged one day prior to infection with HTLV-IIIB. 

8E5/LAV cell-line was cultured in 90% RPMI 1640 and 

10% fetal calf serum supplemented with 2mM L-glutamine, 100 

U/ml penicillin, and 100 µg/ml streptomycin. Cells were 

maintained at sub-confluency and passaged every three/four 

days. The cells were cultured in a biosafety level 3 (BSL3) 

laboratory and all BSL3 practices were followed while 

handling the cells. 
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Isolation of primary leukocytes from peripheral blood: 

Processing of whole blood 

60 ml of peripheral blood was collected from healthy 

donors between the ages of 21 and 65 years in a syringe 

containing heparin. Blood was diluted 1:4 with 

PBS,containing 2mM EDTA. 20 ml of diluted blood was layered 

on 20 ml of Lymphoprep, a sucrose gradient with density of 

1.077 ± 0.001 g/mL (Greiner Bio-One, North Carolina USA). 

Peripheral blood mononuclear cells (PBMCs) were separated 

from the granulocyte and erythrocyte cell pellet by 

centrifugation at 200C and 1800 rpm for 30 min. The PBMC 

layer was removed by pipeting and placed into a separate 

tube. The remaining Lymphoprep was aspirated and discarded.  

Blood smears were also prepared from undiluted whole 

blood. 

 

Isolation of eosinophils: 

Eosinophil isolation kit (human) was used for 

obtaining primary eosinophils. The erythrocyte-granulocyte 

cell pellet obtained in the above step was processed and 

then magnetic labeling was done as per manufacturer’s 

protocol. 
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Isolation of eosinophils was done on CS columns 

(Miltenyi Biotec, Auburn CA USA) as per manufacturer’s 

protocol by negative selection. Effluent from the column 

was centrifuged at 200C 1100 rpm for 10 min to obtain an 

eosinophil cell pellet. Eosinophils were resuspended in 10 

ml supplemented RPMI 1640 medium (RPMI 1640 medium, 2mM L-

glutamine, 100U/ml penicillin, 100µg/ml streptomycin, 20% 

heat-inactivated fetal calf serum).  Cells were incubated 

overnight at 370C with 5% CO2. 

 
Isolation of neutrophils 

Neutrophils were used as a positive CD16 cell control 

for flow-cytometry experiments. For this neutrophils were 

isolated using CD16 microbeads (Miltenyi Biotec.) from the 

granulocyte pellet following the manufacturer’s protocol. 

Neutrophils were not cultured but were stained the same day 

for flow-cytometry. 

 

Processing of peripheral blood mononuclear cells (PBMCs): 

PBMCs were removed from the sucrose gradient as 

described above. They were washed two times with PBS 

containing 2mM EDTA and counted with trypan blue. After an 

additional wash with the same buffer, they were incubated 

overnight in 10 ml of the same media as described for 
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eosinophils. For two of four experiments, PBMCs were split 

into two 10 ml samples; one received 10% IL-2 and the other 

was cultured without IL-2.  

Monocytes were used as a positive CD14 cell control 

for flow-cytometry experiments and were isolated using CD14 

microbeads (Miltenyi Biotec.) following the manufacturer’s 

protocol. Monocytes were not cultured but were stained the 

same day for flow-cytometry. Effluent obtained from the LS 

column used for positive isolation of monocytes was rich in 

lymphocytes. This was used as the positive CD3 cell control 

for flow-cytometry. 

 

Culture conditions for eosinophils: 

Determination of GM-CSF effect on viability of eosinophils: 

Eosinophils were cultured in six-well plates in media 

(RPMI 1640 medium, 2mM L-glutamine, 100U/ml penicillin, 

100µg/ml streptomycin, and 8% heat-inactivated fetal calf 

serum). Each well was treated differently; either the well 

received no GM-CSF, received 36pM GM-CSF everyday or 36pM 

GM-CSF every third day. Cells were fed every three days. 

Viability of eosinophils was determined by cell counting 

using trypan blue.  
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Determination of effect of different sera on viability of 

eosinophils: 

Isolated eosinophils were cultured in different media 

with 50pM GM-CSF. Stock medium containing RPMI 1640 with 

2mM L-glutamine, 100U/ml penicillin, and 100µg/ml 

streptomycin was prepared. Different types of sera used 

were fetal calf serum (FCS), homologous human serum (HSS), 

autologous human serum (AHS). Each serum was either heat 

inactivated at 560C for 30 min (HI) or was used in the un-

inactivated form (UI). From the stock medium aliquots were 

removed for preparation of different media. Media were 

prepared by adding one of the following sera, 20% FCS-HI or 

20% FCS-UI, 10% FCS-HI + 10% HHS-HI, 10% FCS-UI + 10% HHS-

UI, 10% FCS-HI + 10% AHS-HI, 10% FCS-UI + 10% AHS-UI.  

In order to obtain autologous human serum, 5 ml of 

donor’s whole blood was centrifuged at 1100 rpm for 15 min. 

This separated the white and red blood cell pellet from the 

serum. Serum was removed, placed into a separate tube, and 

then used for preparation of culture media.  

 

Infection with HTLV-IIIB: 

AML14.3D10 cells were split 1:2 on the day before 

infection. After overnight incubation as described 

previously, all the cells (AML14.3D10, eosinophils and 
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PBMCs) were counted with trypan blue. One and a half 

million viable cells of each cell type were transferred 

into each of two separate tubes. One tube was used for 

infection with HTLV-IIIB and the other was a negative 

control, treated with conditioned medium. Infections were 

performed in a biosafety level-3 (BSL-3) facility. Cell 

suspensions were centrifuged and supernatants were removed. 

Cell suspensions were incubated in 1 ml of HTLV-IIIB stock 

or mock-infected in conditioned medium. Virus stock that 

was heat inactivated at 560C was also used as a control for 

infection. The cell suspensions were incubated for three 

hours at 370C and 5% CO2, then washed three times in PBS and 

cultured in appropriate media as described above. Five 

picomolar GM-CSF was added to the eosinophil cultures. For 

two of four donors, PBMCs were cultured without IL-2. For 

the remaining two donors, the samples that had been 

stimulated with 10% IL-2 on the day of isolation, received 

10% IL-2 post-infection. Four hundred microliters of 

supernatant was frozen at -800C immediately after infection 

for p24 ELISA.  

For donor 4, eosinophil cell pellets on the day of 

infection (D0), were frozen for DNA processing after 

collection of samples for p24 ELISA. 
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Cells were cultured for 72 hours post-infection. The 

samples were then screened by phase contrast microscopy for 

syntitia formation. Cells were counted with trypan blue and 

centrifuged. Six hundred microliters of the supernatant was 

removed for p24 ELISA. The remaining supernatant was 

removed. One wash was done with PBS and the cell pellets 

were processed for obtaining DNA.  
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Table 1: Infection conditions for different cells from 

individual donors 

X= Samples processed from each donor 

 

 

Donor 

Sample I.D. 

1 2 3 4 

AML 3D10 + Mock X X X X 

AML 3D10 + Heat Inactivated X X  X 

AML 3D10 + HTLV IIIB X X X X 

Eosinophils + Mock D0    X 

Eosinophils + Heat Inactivated D0    X 

Eosinophils + HTLV IIIB D0    X 

Eosinophils + Mock D3 X X X X 

Eosinophils + Heat Inactivated D3   X X 

Eosinophils + HTLV IIIB D3 X X X X  

PBMCs -IL-2 + Mock X X X X 

PBMCs -IL-2 + Heat Inactivated    X 

PBMCs -IL-2 + HTLV IIIB X X X X 

PBMCs +IL-2 + Mock   X X 

PBMCs +IL-2 + HTLV IIIB   X X 
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DNA isolation and quantification:  

The DNeasy kit from Qiagen was used for isolation of 

total cellular DNA using the manufacturer’s protocol. DNA 

was quantified using a Nano-drop spectrophotomer. DNA was 

diluted in 0.5X Tris-EDTA (TE) buffer to a concentration of 

1.25 ng/µl. 

  

p24 antigen capture ELISA: 

Retrotek HIV-1 p24 Antigen ELISA kit from Zeptometrix 

Corp. was used and the manufacturer’s protocol was 

followed.  

 

Preparation of cytopreps:  

During the isolation of primary blood cells, cell 

samples were kept aside for preparation of cytopreps. Cell 

suspensions were prepared at a density of 150,000-175,000 

cells per 100µl. FCS buffer containing 1% FCS in phosphate 

buffered saline (PBS) was prepared. Cytospin specimen 

holders; labeled slides, cyto-cups and clamps were 

assembled, as per instructions (Shandon Lipshaw Inc.). 

Seventy five microliters of FCS buffer with 100µl cell 

suspension was applied to the bottom of the cyto-funnel and 

the samples were centrifuged at 640 rpm for 5 min. After 

unclipping the clamps and separating the cytofunnels from 
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the slides, the slides were air-dried for 10 min inside the 

biological safety hood. 

  

Hematological staining: 

Cytoslides and blood smears were stained with Hema3 

Protocol stain (Fisher Sci.). Slides were fixed with the 

fixative for 5X 10sec. Staining in solution I was done for 

5X 10 sec and in solution II for 3X 10 sec. The slides were 

then washed with tap water till the water ran clear and 

then air-dried. 

 

Light Microscopy and fluorescence microscopy: 

Manual differential leukocyte counts (DLCs) were 

performed on the blood smears using light microscopy. 

Stained blood smears were also analyzed to determine 

purity. 

Fluorescence microscopy was also performed on the 

cytopreps to detect auto-fluorescence of cells. Filters 

used were: 

Blue = excitation wavelength 420-495 nm used for green 

fluorescence 

Green = excitation wavelength 510-560 nm used for red 

fluorescence 
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Staining of samples for flow cytometry: 

Appropriate numbers of isolated leukocytes (maximum 

number 1X106) were centrifuged at 1500 rpm for 5 min at 

250C. The cell pellet was resuspended in 50 µl staining 

buffer (0.1% NaN3 and 1%FCS in PBS). Antibodies were 

appropriately diluted (as determined empirically by 

performing similar experiments with serial dilutions of 

antibodies and their control immunoglobulins). Fifty 

microliters of cells and fifty microliters of diluted 

antibody were incubated on ice on a linear shaker for 30 

min. The cells were washed with 2 ml PBS and centrifuged at 

1500 rpm for 5 min at 250C. Supernatant was decanted and the 

cell pellets were re-suspended in 400 µl of 3% 

paraformaldehyde (PFA) and 300 µl PBS. The antibodies used 

were CD16 PerCp-Cy5.5, CD 16 PerCp-Cy5.5 immunoglobulin 

(Ig) isotype control (Ms IgG1, κ), CD3 APC, CD14 APC, CD3 

and CD14 APC Ig isotype control (Mouse IgG2a). 

Flow cytometry was done on the FACSCalibur machine 

from BD biosciences and analysis of data was performed 

using the FACSComp software. 

 

Quantitative analysis of HIV-1 infection: 

Quantitative real-time PCR (Q-PCR) was performed using 

the high-throughput ABI PRISM® 7900HT Sequence Detection 
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System. HIV-1 primers were designed for the relatively 

conserved polymerase sequences between Pol 2116-2137. The 

forward and reverse primers consisted of 22 bases each 

whereas the probe was 24 bases. Dye used for the probe was 

6-FAM (fluorescein) with an emission wavelength of 520nm. 

The quencher was TAMRA with an emission wavelength of 

583nm. FAM and TAMRA form a classic fluorescent resonance 

energy transfer pair (FRET). The principal of FRET pairs is 

that the two dyes, when initially tethered together, will 

show transfer of energy from one (from FAM) to the other 

molecule (to TAMRA) so that emission occurs at a higher 

wavelength of 580nm instead of at 520nm. Once the molecules 

separate, this transfer no longer occurs and hence 

fluorescence of FAM can be detected. 

HIV-1:  

Forward primer: 5’-GGA AGG CCA GGG AAT TTT CTT C-3’ 

Reverse primer: 5’-CTT CTG AGA GGG AGT TGT TGT C-3’ 

Probe: 5’-6-FAM-CAG AAC AGA GCC AAC AGC CCC ACC-36-TAMSp-3’ 

β-globin primers were used as an endogenous control in 

the multiplex reaction. HIV proviral copy number was 

normalized to β-globin copy number during analysis of Q-PCR 

results. The primers for β-globin were 20 bases and the 

probe was 25 bases. The dye and quencher for the probe were 

selected such that they did not interfere with the dye and 
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quencher for HIV primers. Hence JOE-NHS ester (JOEN) with 

wavelength of 555nm and BHQ-1 (black hole quencher-1) were 

used. Black hole quencher is a fluorescent acceptor 

molecule like TAMRA but instead of fluorescing at a higher 

wavelength, BHQ converts the energy to heat. 

Forward primer: 5’-ACA CAA CTG TGT TCA CTA GC-3’ 

Reverse primer: 5’-CAA CTT CAT CCA CGT TCA CC-3’ 

Probe: 5’/56-JOEN/-TGC ACC TGA CTC CTG AGG AGA AGT C-/3BHQ-

1/3’  

The primers were diluted in Tris-EDTA (TE) buffer to 

give a 20X mix contain 18µM concentration of the forward 

and reverse primers and 5µM concentration of the probe.  

Multiplexing was done. Reactions were setup in a 96-well 

plate. One microliter of each primer was added to 10 µl of 

2X Taqman Universal Master Mix (Applied biosystems) along 

with 8 µl (10 ng) sample DNA to make up a total volume of 

20 µl. A standard curve was generated using serial two-fold 

dilutions of 8E5LAV DNA from 0.3125 ng to 10 ng. The 

standard samples were run in triplicates while the controls 

and test samples were run in duplicates. Standard curves 

for HIV-1 and β-globin were accepted when the efficiency of 

amplification was 85-100% i.e. the slopes were between -

3.74 to -3.32 (11). Efficiency (E) of amplification was 

calculated from the slope of the standard curve as - 
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%E = [(10 (-1/slope)) -1] x 100 

 The viral DNA copy number obtained was normalized 

with the copy number obtained for β-globin and then 

expressed as the number of HIV copies per 1000 cells. Thus 

the expression is: 

Number of HIV copies per 1000 cells = (HIV copy number/ β-

globin copy number) X 2 X 1000 (11). 

 

Determination of multiplicity of infection (MOI) for HTLV-

IIIB stock virus: 

One milliliter of stock virus was diluted 1:5 with 

media prepared for Aml14.3D10 cell-line. Two hundred 

microliters of this dilution was plated in the first column 

of a 96-well micro-titer plate. From this, serial 5 fold 

dilutions were made through column 7 by transferring 40 µl 

of virus dilution from previous well into 160 µl of 

AML14.3D10 media. The last two columns received only media. 

In a second 96-well plate, 50 µl AML14.3D10 cell-suspension 

containing 20,000 cells was plated in the rows A to F. The 

last two rows received only 50 µl media. Fifty microliters 

of the virus dilution was now transferred to this plate 

thus giving an additional two-fold dilution. The final 

plate set-up is shown in figure 3. This plate was incubated 

at 370C and 5% CO2, in a moist chamber, for 3 days. On the 
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third day, 50 µl of media was added to each well. On day 7, 

50 µl (20,000 cells) of uninfected Aml14.3D10 cells were 

added to a fresh 96-well plate and 50 µl of the infected 

samples were transferred to corresponding wells of this 

plate. Fifty microliters of fresh media was added on day 10 

and 13 post-infection. On day 14, syntitia (giant cells) 

were counted under phase contrast microscope. Wells having 

3 or more obvious syntitia were scored as positive. 

Supernatant from each well was removed and used for p24 

ELISA. P24 ELISA was done as per the manufacturer’s 

protocol. 

 

Analysis of data: 

 

Data analysis was done using Student’s T-test. The 

variates chosen were the two sample sets to be compared 

(e.g. eosinophils infected and PBMCs infected), two-tailed 

test was applied and limit was set at 0.05%. Anything less 

than 0.05% (p<0.05%) was considered significant. 
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Figure 3: TCID50 plate set-up 

The following picture shows the initial set-up of a 

96-well plate for calculating TCID50. The final virus 

dilutions are written on top of the plate and legend is 

given at the bottom of the plate. 
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Figure 3:  TCID50 plate set-up 
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IV. Results 

Eosinophils were isolated from healthy donors with no 

history of eosinophilia. Donors had no risk factors 

suggestive of exposure to HIV. The number of eosinophils 

isolated from donors varied individually. Manual and 

automated differential leukocyte counts (DLC) were 

performed to ensure that the eosinophil counts were within 

the normal range 0-7% of the total white blood cells (Table 

2). This range has been used by CompuNet Clinical 

Laboratories who performed the automated DLC counts. 

Eosinophil counts varied from 3 X 106 to 47 X 106 cells per 

60ml of peripheral blood i.e. 2.97% to 8.41% by manual DLC. 

Stained cytopreps were screened to check for purity of 

eosinophils. When stained with modified Wright stain 

(Hema3), eosinophilic granules appear red or red/orange, 

the nucleus, usually bi-lobed, and the cytoplasm are blue 

in color. This characteristic stain of the eosinophils is 

very different from the other white blood cells (WBCs) 

(Figure 5). Neutrophils have lilac colored granules and a 

dark-blue multi-lobed nucleus whereas lymphocytes and 
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monocytes which are non-granular cells have a single large 

dark violet nucleus (Figure 4). Lymphocytes are smaller in 

size as compared to the monocytes. The purity of isolated 

eosinophils was determined by screening 500 cells in 

several fields from stained cytopreps at 1000X 

magnification. The purity of eosinophil isolates for every 

donor was determined to be greater than 99%. This was also 

confirmed by doing flow-cytometry. As shown in figures 6-9, 

overlay of histograms of eosinophils stained with CD3, CD14 

or CD16 antibodies showed no positive shift when compared 

to eosinophils stained with isotype (negative) control. 

Hence a detailed quadrant analysis was performed which 

helped in identification of contaminating cell populations. 

Among the contaminating cells, neutrophils are CD4 negative 

and hence are not expected to be infected with HTLV-IIIB. 

Similarly, monocytes also cannot be infected with X4 

strains. Contaminating lymphocytes are <0.5%.   

 

 35 
 



Figure 4: Isolated neutrophils and PBMCs at 1000X  

Panel i shows cells stained with modified Wright 

stain, panel ii contains images showing green auto-

fluorescence and panel iii images show orange/red auto-

fluorescence of the cells. Horizontal panel a. shows 

neutrophils and panel b. shows PBMCs  
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Figure 4: Isolated neutrophils and PBMCs at 1000X 
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Figure 5: Isolated eosinophils at 1000X  

Panel i shows cells stained with modified Wright 

stain, panel ii contains images showing green auto-

fluorescence and panel iii images show orange/red auto-

fluorescence of the cells. Horizontal panels a-d show 

eosinophils from donors 1-4 respectively. 

 

 38 
 



Figure 5: Isolated eosinophils at 1000X  
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We also observed that eosinophils exhibit an intense 

green fluorescence owing to the eosinophilic granules 

(Figure 5) as reported by previous groups (27, 46). Though 

other WBCs exhibit some auto-fluorescence, it is not as 

intense as eosinophils (Figure 4). Eosinophils have an 

excitation maxima at 370 nm and 450 nm with emission at 520 

nm (27, 46). Therefore, while performing flow-cytometry, we 

used eosinophils as FL1 (green channel) positive cells and 

then used FL3 (PerCP-Cy5.5) and FL4 (APC) labels to 

identify contaminating cell populations. The excitation 

wavelength for PerCP-Cy5.5 conjugate is 490, 675 nm and 

emission is 695 nm while the excitation wavelength for APC 

is 650 nm and emission is at 660 nm.  
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Figure 6: Flow-cytometry analysis for donor 1: 

Panel A shows the overlay of histograms for 

eosinophils stained with different antibodies CD3-APC (A1), 

CD14-APC (A2), CD16-PerCP-Cy5.5 (A3). Panel B shows the 

overlay of histograms for CD3+ lymphocytes (B1), CD14+ 

monocytes (B2), CD16+ neutrophils (B3). Grey areas 

represent cells stained with mouse immunoglobulin isotype 

control. Quadrant analysis to identify contaminating cells 

in isolated eosinophils is shown in panels C-E. C1 

(lymphocytes), D1 (monocytes), and E1 (neutrophils) were 

labeled with Ig isotype control. C2 (lymphocytes), D2 

(monocytes), and E2 (neutrophils) were labeled with CD3-

APC, CD14-APC and CD16-PerCP-Cy5.5 antibodies respectively 

and the positive cell populations were gated. C3 shows CD3+ 

cells (R4 gate) in isolated eosinophil sample stained with 

CD3-APC antibody. Similarly, D3 and E3 show CD14+ (R5 gate) 

and CD16+ (R6 gate) cells in isolated eosinophil sample. 

R4 = 0.42% 

R5 = 0.05% 

R6 = 0.14% 
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Figure 6: Flow-cytometry data analysis for donor 1: 

1. 2. 3. 
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Figure 7: Flow-cytometry data analysis for donor 2: 

Panel A shows the overlay of histograms for 

eosinophils stained with different antibodies CD3-APC (A1), 

CD14-APC (A2), CD16-PerCP-Cy5.5 (A3). Panel B shows the 

overlay of histograms for CD3+ lumphocytes (B1), CD14+ 

monocytes (B2), CD16+ neutrophils (B3). Grey areas 

represent cells stained with mouse immunoglobulin isotype 

control. Quadrant analysis to identify contaminating cells 

in isolated eosinophils is shown in panels C-E. C1 

(lymphocytes), D1 (monocytes), and E1 (neutrophils) were 

labeled with Ig isotype control. C2 (lymphocytes), D2 

(monocytes), and E2 (neutrophils) were labeled with CD3-

APC, CD14-APC and CD16-PerCP-Cy5.5 antibodies respectively 

and the positive cell populations were gated. C3 shows CD3+ 

cells (R4 gate) in isolated eosinophil sample stained with 

CD3-APC antibody. Similarly, D3 and E3 show CD14+ (R5 gate) 

and CD16+ (R6 gate) cells in isolated eosinophil sample. 

R4 = 0.18% 

R5 = 0.06% 

R6 = 1.68% 
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Figure 7: Flow-cytometry data analysis for donor 2: 

1. 2. 3. 
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Figure 8: Flow-cytometry data analysis for donor 3:  

Panel A shows the overlay of histograms for 

eosinophils stained with different antibodies CD3-APC (A1), 

CD14-APC (A2), CD16-PerCP-Cy5.5 (A3). Panel B shows the 

overlay of histograms for CD3+ lumphocytes (B1), CD14+ 

monocytes (B2), CD16+ neutrophils (B3). Grey areas 

represent cells stained with mouse immunoglobulin isotype 

control. Quadrant analysis to identify contaminating cells 

in isolated eosinophils is shown in panels C-E. C1 

(lymphocytes), D1 (monocytes), and E1 (neutrophils) were 

labeled with Ig isotype control. C2 (lymphocytes), D2 

(monocytes), and E2 (neutrophils) were labeled with CD3-

APC, CD14-APC and CD16-PerCP-Cy5.5 antibodies respectively 

and the positive cell populations were gated. C3 shows CD3+ 

cells (R4 gate) in isolated eosinophil sample stained with 

CD3-APC antibody. Similarly, D3 and E3 show CD14+ (R5 gate) 

and CD16+ (R6 gate) cells in isolated eosinophil sample. 

R4 = 0.16% 

R5 = 0.00% 

R6 = 0.23% 
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Figure 8: Flow-cytometry data analysis for donor 3: 

1. 2. 3. 
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Figure 9: Flow-cytometry data analysis for donor 4: 

Panel A shows the overlay of histograms for 

eosinophils stained with different antibodies CD3-APC (A1), 

CD14-APC (A2), CD16-PerCP-Cy5.5 (A3). Panel B shows the 

overlay of histograms for CD3+ lymphocytes (B1), CD14+ 

monocytes (B2), CD16+ neutrophils (B3). Grey areas 

represent cells stained with mouse immunoglobulin isotype 

control. Quadrant analysis to identify contaminating cells 

in isolated eosinophils is shown in panels C-E. C1 

(lymphocytes), D1 (monocytes), and E1 (neutrophils) were 

labeled with Ig isotype control. C2 (lymphocytes), D2 

(monocytes), and E2 (neutrophils) were labeled with CD3-

APC, CD14-APC and CD16-PerCP-Cy5.5 antibodies respectively 

and the positive cell populations were gated. C3 shows CD3+ 

cells (R4 gate) in isolated eosinophil sample stained with 

CD3-APC antibody. Similarly, D3 and E3 show CD14+ (R5 gate) 

and CD16+ (R6 gate) cells in isolated eosinophil sample. 

R4 = 0.31% 

R5 = 0.02% 

R6 = 0.17% 
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Figure 9: Flow-cytometry data analysis for donor 4: 

 

1. 2. 3. 
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The lifespan of eosinophils is less than 48 hours. 

Hence, to determine optimal growth conditions for 

eosinophils with or without GM-CSF supplementation to 

culture media were tested as described. Eosinophils 

cultured in FCS H medium without GM-CSF supplementation had 

lower viability as compared to those with GM-CSF 

supplementation as shown in figure 10. There was 

significant difference between viability of cells which 

received GM-CSF everyday and those that received no GM-CSF.  

The next question naturally was whether different sera 

affected the viability of eosinophils. We observed that 

eosinophils cultured in RPMI medium supplemented with 20% 

heat-inactivated (H) fetal calf serum (FCS) had an average 

viability of 94.15% and 80.60% on days 3 and 6 post-

isolation. The corresponding viability for heat-inactivated 

human autologous serum (HAS) was 75.61% and 59.91% whereas 

for heat-inactivated human homologous serum (HHS) it was 

70.61% and 50.93%. Thus there was an average of 25.18% 

higher viability of eosinophils when cultured in heat-

inactivated FCS as opposed to using heat-inactivated human 

sera. There was a trend towards increased survival of 

eosinophils cultured in medium containing 20% fetal calf 

serum which was heat inactivated at 560C for 30min (FCS H) 

(Figure 11).  
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Figure 10: Effect of GM-CSF on eosinophil viability 

 

 = Eosinophils received no GM-CSF 

 = Eosinophils received 36pM GM-CSF everyday 

 = Eosinophils received 36pM GM-CSF every 3rd day 
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Figure 10: Effect of GM-CSF on viability of eosinophils 
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Figure 11: Effect of different types of sera on eosinophil 

viability 

 

• FCS H = Medium containing 20% fetal calf serum which 

was heat-inactivated at 560C for 30min 

• HAS H = Medium containing 10% human autologous serum 

and 10% FCS both of which were heat-inactivated at 560C 

for 30min 

• HHS H = Medium containing 10% human homologous serum 

and 10% FCS both of which were heat-inactivated at 560C 

for 30min 
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Figure 11:  Effect of different types of sera on eosinophil 

viability 
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During analysis of Q-PCR data, we observed that 

primary human eosinophils can be infected with HTLV-IIIB. 

Donor variability exists in the amount of infection as 

shown in figures 12-17. However, we primarily observed that 

infection of eosinophils was not significantly different 

from infection observed in AML14.3D10 cells in two out of 

four donors. All samples of primary PBMCs without IL-2 

stimulation and in primary PBMCs with IL-2 stimulation 

showed low amounts of infection with HTLV-IIIB. There was 

no significant difference (p<0.05%) between infection of 

primary PBMCs with or without IL-2 stimulation but there is 

a significant difference between detection of proviral 

copies per 1000 cells for infected eosinophils and infected 

PBMCs with or without IL-2 stimulation (p>0.05%) when 

analysed with Student’s T-test. Table 2 summarizes the HIV-

1 proviral copy number per 1000 cells for experiments done 

on donors 1 and 2 while table 3 summarizes data for donors 

3 and 4. 
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Table 2: HIV-1 copy number per 1000 cells 

 

 

Mean HIV copies 

per 1000 cells 

Donor 1  

AML Mock infected 0 

AML + Heat-inactivated virus  0 

AML Infected 6426.35 

Eos Mock infected 0 

Eos Infected 1763.4 

PBMCs Mock infected 0 

PBMCs Infected 27.96 

Donor 2  

AML Mock infected 0 

AML + Heat-inactivated virus  0 

AML Infected 5398.58 

Eos Mock infected 0 

Eos Infected 2722.22 

PBMCs Mock infected 0 

PBMCs Infected 98.01 
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Table 3: HIV-1 copy number per 1000 cells for Donor 3 and 

Donor 4 

 

Mean HIV copies 

per 1000 cells 

Donor 3  

AML Mock infected 0 

AML Infected 4032.31 

Eos Mock infected 0 

Eos + Heat-inactivated virus 4966.57 

Eos Infected 3842.57 

PBMCs Mock infected 0 

PBMCs Infected 30.02 

PBMCs + IL-2 Mock infected 0 

PBMCs + IL-2 Infected 19.76 

Donor 4  

AML Mock infected 0 

AML + Heat-inactivated virus 0 

AML Infected 16598.02 

Eos Mock infected Day 0 0 

Eos + Heat-inactivated virus Day 0 1295.01 

Eos Infected Day 0 433.49 

Eos Mock infected Day 3 0 

Eos + Heat-inactivated virus Day 3 206.01 

Eos Infected Day 3 489.98 

PBMCs Mock infected 0 

PBMCs + Heat-inactivated virus 0 

PBMCs Infected 155.72 

PBMCs + IL-2 Mock infected 0 

PBMCs + IL-2 Infected 143.49 
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Figure 12: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 1. 

AML I = AML14.3D10 cells infected with HTLV-IIIB 

Eos I = Eosinophils infected with HTLV-IIIB 

PBMCs I = PBMCs infected with HTLV-IIIB without IL-2 

stimulation 
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Figure 12: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 1. 
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Figure 13: Comparison between infection of AML14.3D10 

cells, eosinophils, and PBMCs without IL-2 stimulation for 

donor 2. 

AML I = AML14.3D10 cells infected with HTLV-IIIB 

Eos I = Eosinophils infected with HTLV-IIIB 

PBMCs I = PBMCs infected with HTLV-IIIB without IL-2 

stimulation 
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Figure 13: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 2. 
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Figure 14: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 3. 

AML I = AML14.3D10 cells infected with HTLV-IIIB 

Eos I = Eosinophils infected with HTLV-IIIB 

PBMCs I = PBMCs infected with HTLV-IIIB without IL-2 

stimulation 

PBMCs + IL-2 I = PBMCs infected with HTLV-IIIB with IL-2 

stimulation 
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Figure 14: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 3. 

 Samples infected with HTLV-IIIB: Donor3

1.00

10.00

100.00

1000.00

10000.00

Aml I Eos H Eos I PBMCs I PBMCs + IL

Cell samples

H
IV

 c
op

y 
nu

m
be

r p
er

 1
00

0 
ce

lls

-2 I

 
p=<0.05% 
* 
**  
*** 

 
p=<0.05% 
* 
** 

 

* = significant difference between AML I and PBMCs I, and 

Eos I and PBMCs I 

** = significant difference between AML I and PBMCs + IL-2 

I, and Eos I and PBMCs + IL-2 I 
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Figure 15: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 4. 

AML I = AML14.3D10 cells infected with HTLV-IIIB 

Eos I D3 = Eosinophils infected with HTLV-IIIB with DNA 

harvested three days post-infection 

PBMCs I = PBMCs infected with HTLV-IIIB without IL-2 

stimulation 

PBMCs + IL-2 I = PBMCs infected with HTLV-IIIB with IL-2 

stimulation 

 

 63 
 



Figure 15: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation for 

donor 4. 
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Figure 16: Comparison between infection of eosinophils 

infected with heat-inactivated HTLV-IIIB and eosinophils 

infected with HTLV-IIIB on day 0 and day 3 for donor 4. 

 

Eos H D0 = Eosinophils infected with heat-inactivated HTLV-

IIIB with DNA harvested three hours post-infection on day 0 

Eos I D0 = Eosinophils infected with HTLV-IIIB with DNA 

harvested three hours post-infection on day 0 

Eos H D3 = Eosinophils infected with heat-inactivated HTLV-

IIIB with DNA harvested three days post-infection 

Eos I D3 = Eosinophils infected with HTLV-IIIB with DNA 

harvested three days post-infection 
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Figure 16: Comparison between infection of eosinophils 

infected with heat-inactivated HTLV-IIIB and eosinophils 

infected with HTLV-IIIB on day 0 and day 3 for donor 4. 

 

 
Comparison of proviral copy nos. seen in eosinophils 3 

hrs post-infection and 3 days post-infection: Donor4

1.00

10.00

100.00

1000.00

10000.00

Eos H D0 Eos I   D0 Eos H D3 Eos I D3
Cell samples

H
IV

 c
op

y 
nu

m
be

r p
er

 1
00

0 
ce

lls

p=<0.05% 
***p=<0.05% 

* p=<0.05% 
**

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = significant difference between Eos H D0 and Eos I D0 

** = significant difference between Eos H D0 and Eos H D3 

***= significant difference between Eos H D3 and Eos I D3 

 66 
 



Figure 17: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation with 

heat-inactivated HTLV-IIIB for donor 4. 

  

AML H = AML14.3D10 cells infected with heat-inactivated 

HTLV-IIIB DNA harvested three days post-infection 

Eos I D0 = Eosinophils infected with HTLV-IIIB with DNA 

harvested three hours post-infection on day 0 

Eos H D3 = Eosinophils infected with heat-inactivated HTLV-

IIIB with DNA harvested three days post-infection 

PBMCs H = PBMCs infected with heat-inactivated HTLV-IIIB 

DNA harvested three days post-infection 
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Figure 17: Comparison between infection of AML14.3D10 

cells, eosinophils and PBMCs without IL-2 stimulation with 

heat-inactivated HTLV-IIIB for donor 4. 
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Assessment of productive HIV infection was done by 

screening samples for p24 production by using ELISA. 

However, p24 production did not correlate with the proviral 

copy numbers detected by Q-PCR (figure 18). HIV-1-infected 

AML14.3D10 cells produced significantly higher amounts of 

p24 (figure 18 v). Quiescent PBMCs had the least amount of 

p24 production. A lot of donor variability was also 

observed. No positive p24 result was obtained for any cell 

sample infected with heat-inactivated HTLV-IIIB virus. 
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Figure 18: p24 production for individual donors 

Figure 18 i. = donor 1 

Figure 18 ii. = donor 2 

Figure 18 iii. = donor 3 

Figure 18 iv. = donor 4 

Figure 18 v. = p24 production by Aml14.3D10 cells used as 

positive control in each experiment 

 

Day 0 samples were collected 3 hours post-infection to 

determine residual virus 

Day 3 samples were collected 60 hours post-infection to 

determine p24 production indicating productive infection 
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Figure 18: p24 production 
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Determination of multiplicity of infection was done on 

day 14 post-infection. Wells were scored positive or 

negative for p24 production. Table 4 shows the results for 

detection of p24 production in the plate for TCID50 

determination. 

Calculation of TCID50 was done using the Karber formula (19) 

The equation used is: 

M = xk + d [0.5 – (1/n) (r)]  

M = TCID50 

xk = index of the highest dilution with all positive 

wells  

r = sum of the number of negative responses  

d = spacing between dilutions  

n = wells per dilution  

 

Calculation done was as follows: 

M = 7 + 1[0.5 – (1/6) X (12)] 

M = 53.833 

M = 102.68 

Correcting for initial dilution, 

TCID50/ml = 5 X 102.68 

TCID50/ml = 2.51 X 103 

Since 1ml of virus stock was used to infect 1.5 X 106 cells, 

the multiplicity of infection is 0.002 
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Table 4: Wells scored positive or negative depending on the 

p24 production for replicates  

 

Dilutions 5 5-2 5-3 5-4 5-5 5-6 5-7

A + + + + - - - 

B + + + - - - - 

C + +  + - - - - 

D + + + - - - - 

E + + + + - - - 

F + + + - - - - 
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V. DISCUSSION 

HIV-1 infection has been widely studied in T-cells, 

macrophages and more recently, in dendritic cells. However, 

the possibility of infection in eosinophils has been 

neglected. In this study we have shown that eosinophils are 

highly susceptibility to infection with HIV-1 strain, HTLV-

IIIB.  

Eosinophil population forms a very small subset of the 

total leukocyte cells. Moreover, they have no specific cell 

surface marker. Hence, it was a challenge to isolate 

eosinophils from peripheral blood. By using microbead 

magnetic labeling followed by negative selection, isolation 

of relatively high numbers of eosinophils was possible 

(Appendix 1). However, individual donor variability was 

present and the number of eosinophils isolated varied from 

donor to donor.  

As suggested by flow cytometry data analysis, the 

purity of isolated eosinophils was >99%. This was also 

confirmed by screening of stained cytopreps. Nagase et al. 

have reported that (29) expression of CXCR4 was
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decreased on addition of GM-CSF but a 24 hour incubation at 

370C up-regulated the expression of CXCR4. However, our own 

results confirm the previously reported findings (23, 30) 

that the viability of eosinophils was increased in the 

presence of GM-CSF. Thus, it was necessary to strike a 

balance between the down-regulation of CXCR4 co-receptor, 

which could affect the ability of HIV-1 to infect 

eosinophils, and addition of GM-CSF, which affects the 

survival of eosinophils. This was achieved by culturing 

eosinophils overnight, prior to infection, at 370C without 

the addition of GM-CSF. Post-infection, 5pM GM-CSF was 

added to the eosinophil culture. It has been documented 

that the eosinophil viability starts increasing with the 

addition of as little as 1pM GM-CSF and plateaus at 10pM 

(30) and addition of 5pM GM-CSF during infection with HIV-1 

has been used previously (47). Using this method, a 

reasonable number of eosinophils survived till post-

infection day 3 (Appendix B).  

Q-PCR detection of HIV DNA copies in eosinophil 

cellular DNA supports the hypothesis that eosinophils are 

susceptible to HIV-1 infection. Further analysis reveals 

that HTLV-IIIB infected eosinophils show significantly 

higher HIV copy number per 1000 cells as compared to PBMCs 

with or without IL-2 stimulation. However, in two out of 4 
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donors, no significant difference was observed between 

amount of infection in AML14.3D10 cells and eosinophils. 

Even in donors with significant difference between the 

amount of infection between AML14.3D10 cells and 

eosinophils, eosinophils still show a very high HIV copy 

number. This suggests that the rate of infection in 

eosinophils, which are terminally differentiated, might 

approach that of a dividing cell-line. This is an 

interesting phenomenon which needs further in-depth 

investigation regarding the interaction between eosinophils 

and HIV and the dynamics of infection.  

The observation of a high HIV copy number in 

eosinophils infected with HTLV-IIIB which was heat 

inactivated at 560C for 30 minutes was also unusual and 

unexpected. However, there was a significant decrease in 

the number of proviral copies detected 3 hours post-

infection and those detected 3 days post-infection (figure 

16). It has been demonstrated that thermal treatment of HIV 

at 560C for 30 minutes results in >5 log decrease in the 

proportion of original infectious dose50 (ID50)(28). Other 

studies also confirm this finding (18, 33, 41). Following 

thermal treatment, even though there was a decrease in 

infectivity, the structure and function of viral envelope 

proteins was preserved (35) and there was enhanced binding 
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of gp120 to CD4 receptor (18). Also, eosinophils are 

antigen-presenting cells (36).  Thus, various possibilities 

could be considered. It is possible that increased gp120 

binding to CD4 could mediate viral entry; and it has been 

demonstrated that some part of reverse transcription and 

minus strand formation is detected in virions prior to 

infection and entry into cells (43, 52). Since the primers 

used are in the pol region, the detection of HIV copies 

could be this partially transcribed DNA. However, there was 

no detection of proviral copies in AML14.3D10 cells and 

PBMCs infected with similarly heat-inactivated virus. The 

second possibility was that primary eosinophils might 

phagocytose the entire virion as documented for dendritic 

cells (13, 21) and there is detection of the partially 

reverse transcribed genome by Q-PCR. The absence of viral 

copies in this scenario could be explained by the fact that 

lymphocytes are not phagocytic cells and phagocytosis in 

AML14.3D10 cells has not been documented. However, there is 

no documented evidence that eosinophils have either the DC-

SIGN or DC-SIGNR receptors which are known to be 

responsible for HIV trans-infection of cells like dendritic 

cells (20). The last possibility to consider is ineffective 

inactivation of virus following thermal inactivation at 560C 

for 30 minutes. This could be safely disregarded because in 
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this scenario, AML14.3D10 cells and PBMCs should also show 

some amount of infection. To conduct a further study of 

this finding it would be necessary to allow the infected 

cells to remain in culture for a longer period of 7-10 

days. It is important to note if there is a time-dependent 

decay in viral load in eosinophils infected with heat-

inactivated virus. Experiments can also be done to study 

productive infection in these infected eosinophils. Also an 

assessment of eosinophils for expression of DC-SIGN or its 

related family members is warranted. In-depth study of 

trans-infection in eosinophils can also be done. It is also 

necessary to see if the HIV DNA detected in this study is 

integrated into the host cell genome. This can be done by 

using the previously described Alu-LTR PCR method (6-8). 

Donor variability was observed in the p24 amounts and 

there was no co-relation between the number of proviral 

copies detected and the observed p24 production. The low 

levels of p24 production observed PBMCs could be a result 

of infection of quiescent cells, in whom HIV integration 

does not occur (38, 50, 51). Eosinophils infected with 

HTLV-IIIB showed p24 production in three out of four donors 

indicating a productive infection. The amount of p24 

produced was significantly less than that produced by 

AML14.3D10 cells. However, it must be borne in mind that 
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AML14.3D10 cells divide continuously thus amplifying the 

initial infection whereas eosinophils are terminally 

differentiated cells. When compared to infected PBMCs, 

infected eosinophils not only had a higher proviral copy 

number consistently, but also showed higher amounts of p24 

production. Thus study of eosinophil infection with HTLV-

IIIB could provide another significant clue in the 

pathogenesis of HIV infection and progression to AIDS. 
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Summary of findings 

 

A. Reasonable numbers of eosinophils can be isolated from 60 

milliliters of peripheral human blood. 

B. Isolated eosinophils are greater than 99% pure. 

C. Eosinophils show a green and red–orange auto-

fluorescence. 

D. Addition of GM-CSF to culture media increases eosinophil 

viability significantly by day 3. 

E. Eosinophils can be infected with HTLV-IIIB. 

F. The HIV copy numbers detected in infected eosinophils are 

significantly higher than those observed in quiescent 

PBMCs with or without IL-2 stimulation. 

G. Eosinophils infected with heat inactivated HTLV-IIIB 

virus show high HIV copy numbers. 

H. Infected eosinophils produce p24 indicating a productive 

infection but there is no p24 production detected for 

eosinophils infected with heat inactivated HTLV-IIIB 

virus. 

I. Amount of p24 produced is more in infected eosinophils as 

compared to PBMCs with or without IL-2 stimulation 

J. There is no correlation between the detection of HIV copy 

numbers and the amount of p24 produced. 
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VI. APPENDIX 

Appendix A: Number of eosinophils isolated from 60ml 

peripheral blood from each donor: 

 

Donor 

id 

Granulocytes 

per 60 ml 

Eosinophils 

per 60ml 

% eosinophils from 

total granulocytes 

110-05 199440000.00 17460000.00 8.75 

111-05 302250000.00 6240000.00 2.06 

112-05 105315000.00 4200000.00 3.99 

113-05 135000000.00 2500000.00 1.85 

117-05 210000000.00 4650000.00 2.21 

118-05 480000000.00 7650000.00 1.59 

119-05 500000000.00 10890000.00 2.18 

121-05 270000000.00 7875000.00 2.92 

122-06 202500000.00 20550000.00 10.15 

125-06 315750000.00 3200000.00 1.01 

127-06 282500000.00 4225000.00 1.50 

129-06 537500000.00 40200000.00 7.48 

130-06 425000000.00 16500000.00 3.88 
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Appendix B: Post-infection 60 hour viable cell counts 

 

Sample id Cell counts % viability 

Donor 1   

AML M 7380000 492.00 

AML H 7995000 533.00 

AML I 6970000 464.67 

Eos M 328000 21.87 

Eos I 369000 24.60 

PBMCs M 307500 20.50 

PBMCs I 553500 36.90 

   

Donor 2   

AML M 7933500 528.90 

AML H 8118000 541.20 

AML I 6211500 414.10 

Eos M 410000 27.33 

Eos I 676500 45.10 

PBMCs M 574000 38.27 

PBMCs I 553500 36.90 

   

Donor 3   

AML M 1850000 123.33 

AML I 3733333 248.89 

Eos M 121000 8.07 

Eos H 231000 15.40 
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Eos I 57750 3.85 

PBMCs M 381500 25.43 

PBMCs I 395900 26.39 

PBMCs + IL-2 M 440000 29.33 

PBMCs + IL-2 I 397850 26.52 

   

Donor 4   

AML M 5227500 348.50 

AML H 4350000 290.00 

AML I 2900000 193.33 

Eos M 60000 4.00 

Eos H 160000 10.67 

Eos I 185000 12.33 

PBMCs M 380000 25.33 

PBMCs H 285000 19.00 

PBMCs I 400000 26.67 

PBMCs + IL-2 M 405000 27.00 

PBMCs + IL-2 I 64350 4.29 
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Appendix C: List of Abbreviations 

 

AIDS Acquired immunodeficiency virus 

AML H AML14.3D10 cells infected with heat-

inactivated virus 

AML I AML14.3D10 cells infected with HTLV-IIIB 

virus 

AML M AML14.3D10 cells mock infected 

APC Allophycocyanin 

ARV AIDS related virus 

BHQ Black hole quencher 

CCR5 Chemokine receptor 5 

CXCR4 Chemokine receptor 4 

DNA Deoxyribonucleic acid 

dsDNA Double-stranded DNA 

Eos H Eosinophils infected with heat-inactivated 

virus 

Eos I Eosinophils infected with HTLV-IIIB virus 

Eos M Eosinophils mock infected 

FAM Fluorescein 

FCS H Fetal calf serum heat-inactivated at 560C 

for 30 min 

FRET Fluorescence Resosnance Energy Transfer 

 86 
 

http://www.lambert-instruments.com/technology_details/1_english/4_technologies/2_fret/15_fret_pairs


GM-CSF Granulocyte-monocyte colony stimulating 

factor 

HAS Human autologous serum 

HHS Human homologous serum 

HIV Human immunodeficiency virus 

Hr Hours 

HTLV-IIIB Human T-cell leukemia virus-IIIB 

Ig Immunoglobulin 

IL-2 Interleukin-2 

JOEN 6-carboxy-4’, 5’-dichloro-2’, 7’- 

dimethoxyfluorescein NHS ester 

MOI Multiplicity of infection 

Min Minutes 

µl Microliter 

ng Nanogram 

NSI Non-syntitia inducing 

PBMCs Peripheral blood mononuclear cells 

PBMCs H PBMCs infected with heat-inactivated virus 

PBMCs I PBMCs infected with HTLV-IIIB virus 

PBMCs M PBMCs mock infected 

PBMCs+IL-2  PBMCs stimulated with IL-2 

PBMCs+IL-2 I PBMCs+IL-2 infected with HTLV-IIIB virus 

PBMCs+IL-2 M PBMCs+IL-2 mock infected 
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PFA Paraformaldehyde 

RNA Ribonucleic acid 

RT Reverse transcriptase  

SI Syntitia inducing 

ssRNA Single-stranded RNA 

TCID50 Tissue-culture infectious dose 50 

TAMRA Carboxytetramethylrhodamine 

 88 
 



References 

 

1. Barre-Sinoussi, F., J. C. Chermann, F. Rey, M. T. 

Nugeyre, S. Chamaret, J. Gruest, C. Dauguet, C. Axler-Blin, 

F. Vezinet-Brun, C. Rouzioux, W. Rozenbaum, and L. 

Montagnier. 1983. Isolation of a T-lymphotropic retrovirus 

from a patient at risk for acquired immune deficiency 

syndrome (AIDS). Science 220:868-71. 

2. Baumann, M. A., and C. C. Paul. 1998. The AML14 and 

AML14.3D10 cell lines: a long-overdue model for the study 

of eosinophils and more. Stem Cells 16:16-24. 

3. Berger, E. A., P. M. Murphy, and J. M. Farber. 1999. 

Chemokine receptors as HIV-1 coreceptors: roles in viral 

entry, tropism, and disease. Annu Rev Immunol 17:657-700. 

4. Cantrell, D. A., and K. A. Smith. 1983. Transient 

expression of interleukin 2 receptors. Consequences for T 

cell growth. J Exp Med 158:1895-911. 

5. Cheng-Mayer, C., D. Seto, M. Tateno, and J. A. Levy. 

1988. Biologic features of HIV-1 that correlate with 

virulence in the host. Science 240:80-2. 

6. Chun, T. W., L. Carruth, D. Finzi, X. Shen, J. A. 

DiGiuseppe, H. Taylor, M. Hermankova, K. Chadwick, J. 

Margolick, T. C. Quinn, Y. H. Kuo, R. Brookmeyer, M. 

A.Zeiger, P. Barditch-Crovo, and R. F. Siliciano. 1997. 

 89 
 



Quantification of latent tissue reservoirs and total body 

viral load in HIV-1 infection. Nature 387:183-8. 

7. Chun, T. W., D. Engel, M. M. Berrey, T. Shea, L. 

Corey, and A. S. Fauci. 1998. Early establishment of a pool 

of latently infected, resting CD4(+) T cells during primary 

HIV-1 infection. Proc Natl Acad Sci U S A 95:8869-73. 

8. Chun, T. W., L. Stuyver, S. B. Mizell, L. A. Ehler, J. 

A. Mican, M. Baseler, A. L. Lloyd, M. A. Nowak, and A. S. 

Fauci. 1997. Presence of an inducible HIV-1 latent 

reservoir during highly active antiretroviral therapy. Proc 

Natl Acad Sci U S A 94:13193-7. 

9. Cohen, A. J., and R. T. Steigbigel. 1996. Eosinophilia 

in patients infected with human immunodeficiency virus. J 

Infect Dis 174:615-8. 

10. Conway, B., P. Baskar, L. J. Bechtel, J. C. Kaplan, M. 

S. Hirsch, R. T. Schooley, and S. H. Pincus. 1992. 

Eosinophils as host cells for HIV-1. Arch Virol 127:373-7. 

11. Desire, N., A. Dehee, V. Schneider, C. Jacomet, C. 

Goujon, P. M. Girard, W. Rozenbaum, and J. C. Nicolas. 

2001. Quantification of human immunodeficiency virus type 1 

proviral load by a TaqMan real-time PCR assay. J Clin 

Microbiol 39:1303-10. 

12. Drabick, J. J., A. J. Magill, K. J. Smith, T. B. 

Nutman, and P. M. Benson. 1994. Hypereosinophilic syndrome 

 90 
 



associated with HIV infection. Military Medical Consortium 

for Applied Retroviral Research. South Med J 87:525-9. 

13. Engering, A., S. J. Van Vliet, T. B. Geijtenbeek, and 

Y. Van Kooyk. 2002. Subset of DC-SIGN(+) dendritic cells in 

human blood transmits HIV-1 to T lymphocytes. Blood 

100:1780-6. 

14. Fenyo, E. M., L. Morfeldt-Manson, F. Chiodi, B. Lind, 

A. von Gegerfelt, J. Albert, E. Olausson, and B. Asjo. 

1988. Distinct replicative and cytopathic characteristics 

of human immunodeficiency virus isolates. J Virol 62:4414-

9. 

15. Folks, T. M., D. Powell, M. Lightfoote, S. Koenig, A. 

S. Fauci, S. Benn, A. Rabson, D. Daugherty, H. E. 

Gendelman, M. D. Hoggan, and et al. 1986. Biological and 

biochemical characterization of a cloned Leu-3- cell 

surviving infection with the acquired immune deficiency 

syndrome retrovirus. J Exp Med 164:280-90. 

16. Freedman, A. R., F. M. Gibson, S. C. Fleming, C. J. 

Spry, and G. E. Griffin. 1991. Human immunodeficiency virus 

infection of eosinophils in human bone marrow cultures. J 

Exp Med 174:1661-4. 

17. Giembycz, M. A., and M. A. Lindsay. 1999. Pharmacology 

of the eosinophil. Pharmacol Rev 51:213-340. 

 91 
 



18. Grovit-Ferbas, K., J. F. Hsu, J. Ferbas, V. Gudeman, 

and I. S. Chen. 2000. Enhanced binding of antibodies to 

neutralization epitopes following thermal and chemical 

inactivation of human immunodeficiency virus type 1. J 

Virol 74:5802-9. 

19. Karber, G. 1931. Beitrag zur kollektiven Behandlung 

pharmakologischer Reihenversuche (Contribution to the 

collective treatment of pharmacological serial 

experiments). Naunyn-Schmiedebergs Archiv für 

experimentelle Pathologie und Pharmakologie:480-483. 

20. Koppel, E. A., K. P. van Gisbergen, T. B. Geijtenbeek, 

and Y. van Kooyk. 2005. Distinct functions of DC-SIGN and 

its homologues L-SIGN (DC-SIGNR) and mSIGNR1 in pathogen 

recognition and immune regulation. Cell Microbiol 7:157-65. 

21. Kwon, D. S., G. Gregorio, N. Bitton, W. A. 

Hendrickson, and D. R. Littman. 2002. DC-SIGN-mediated 

internalization of HIV is required for trans-enhancement of 

T cell infection. Immunity 16:135-44. 

22. Levy, J. A. 2006. HIV pathogenesis: knowledge gained 

after two decades of research. Adv Dent Res 19:10-6. 

23. Lopez, A. F., D. J. Williamson, J. R. Gamble, C. G. 

Begley, J. M. Harlan, S. J. Klebanoff, A. Waltersdorph, G. 

Wong, S. C. Clark, and M. A. Vadas. 1986. Recombinant human 

granulocyte-macrophage colony-stimulating factor stimulates 

 92 
 



in vitro mature human neutrophil and eosinophil function, 

surface receptor expression, and survival. J Clin Invest 

78:1220-8. 

24. Lori, F., F. di Marzo Veronese, A. L. de Vico, P. 

Lusso, M. S. Reitz, Jr., and R. C. Gallo. 1992. Viral DNA 

carried by human immunodeficiency virus type 1 virions. J 

Virol 66:5067-74. 

25. Lucey, D. R., D. I. Dorsky, A. Nicholson-Weller, and 

P. F. Weller. 1989. Human eosinophils express CD4 protein 

and bind human immunodeficiency virus 1 gp120. J Exp Med 

169:327-32. 

26. Maddon, P. J., A. G. Dalgleish, J. S. McDougal, P. R. 

Clapham, R. A. Weiss, and R. Axel. 1986. The T4 gene 

encodes the AIDS virus receptor and is expressed in the 

immune system and the brain. Cell 47:333-48. 

27. Mayeno, A. N., K. J. Hamann, and G. J. Gleich. 1992. 

Granule-associated flavin adenine dinucleotide (FAD) is 

responsible for eosinophil autofluorescence. J Leukoc Biol 

51:172-5. 

28. McDougal, J. S., L. S. Martin, S. P. Cort, M. Mozen, 

C. M. Heldebrant, and B. L. Evatt. 1985. Thermal 

inactivation of the acquired immunodeficiency syndrome 

virus, human T lymphotropic virus-III/lymphadenopathy-

 93 
 



associated virus, with special reference to antihemophilic 

factor. J Clin Invest 76:875-7. 

29. Nagase, H., M. Miyamasu, M. Yamaguchi, T. Fujisawa, K. 

Ohta, K. Yamamoto, Y. Morita, and K. Hirai. 2000. 

Expression of CXCR4 in eosinophils: functional analyses and 

cytokine-mediated regulation. J Immunol 164:5935-43. 

30. Owen, W. F., Jr., M. E. Rothenberg, D. S. Silberstein, 

J. C. Gasson, R. L. Stevens, K. F. Austen, and R. J. 

Soberman. 1987. Regulation of human eosinophil viability, 

density, and function by granulocyte/macrophage colony-

stimulating factor in the presence of 3T3 fibroblasts. J 

Exp Med 166:129-41. 

31. Owen, W. F., M. E. Rothenberg, J. Petersen, P. F. 

Weller, D. Silberstein, A. L. Sheffer, R. L. Stevens, R. J. 

Soberman, and K. F. Austen. 1989. Interleukin 5 and 

phenotypically altered eosinophils in the blood of patients 

with the idiopathic hypereosinophilic syndrome. J Exp Med 

170:343-8. 

32. Paganelli, R., E. Scala, A. M. Mazzone, R. Rosso, G. 

Mattiacci, L. Dell'Anna, I. Mezzaroma, and F. Aiuti. 1997. 

Th2-type cytokines, hypereosinophilia, and interleukin-5 in 

HIV disease. Allergy 52:110-1. 

33. Quinnan, G. V., Jr., M. A. Wells, A. E. Wittek, M. A. 

Phelan, R. E. Mayner, S. Feinstone, R. H. Purcell, and J. 

 94 
 



S. Epstein. 1986. Inactivation of human T-cell lymphotropic 

virus, type III by heat, chemicals, and irradiation. 

Transfusion 26:481-3. 

34. Rosenthal, D., P. E. LeBoit, L. Klumpp, and T. G. 

Berger. 1991. Human immunodeficiency virus-associated 

eosinophilic folliculitis. A unique dermatosis associated 

with advanced human immunodeficiency virus infection. Arch 

Dermatol 127:206-9. 

35. Rossio, J. L., M. T. Esser, K. Suryanarayana, D. K. 

Schneider, J. W. Bess, Jr., G. M. Vasquez, T. A. Wiltrout, 

E. Chertova, M. K. Grimes, Q. Sattentau, L. O. Arthur, L. 

E. Henderson, and J. D. Lifson. 1998. Inactivation of human 

immunodeficiency virus type 1 infectivity with preservation 

of conformational and functional integrity of virion 

surface proteins. J Virol 72:7992-8001. 

36. Shi, H. Z. 2004. Eosinophils function as antigen-

presenting cells. J Leukoc Biol 76:520-7. 

37. Skiest, D. J., and P. Keiser. 1997. Clinical 

significance of eosinophilia in HIV-infected individuals. 

Am J Med 102:449-53. 

38. Stevenson, M., T. L. Stanwick, M. P. Dempsey, and C. 

A. Lamonica. 1990. HIV-1 replication is controlled at the 

level of T cell activation and proviral integration. Embo J 

9:1551-60. 

 95 
 



39. Taylor, R. J., D. Schols, and D. P. Wooley. 2004. 

Restricted entry of R5 HIV Type 1 strains into eosinophilic 

cells. AIDS Res Hum Retroviruses 20:1244-53. 

40. Tersmette, M., R. E. de Goede, B. J. Al, I. N. Winkel, 

R. A. Gruters, H. T. Cuypers, H. G. Huisman, and F. 

Miedema. 1988. Differential syncytium-inducing capacity of 

human immunodeficiency virus isolates: frequent detection 

of syncytium-inducing isolates in patients with acquired 

immunodeficiency syndrome (AIDS) and AIDS-related complex. 

J Virol 62:2026-32. 

41. Tersmette, M., R. E. de Goede, J. Over, E. de Jonge, 

H. Radema, C. J. Lucas, H. G. Huisman, and F. Miedema. 

1986. Thermal inactivation of human immunodeficiency virus 

in lyophilised blood products evaluated by ID50 titrations. 

Vox Sang 51:239-43. 

42. Tietz, A., L. Sponagel, P. Erb, H. Bucher, M. 

Battegay, and W. Zimmerli. 1997. Eosinophilia in patients 

infected with the human immunodeficiency virus. Eur J Clin 

Microbiol Infect Dis 16:675-7. 

43. Trono, D. 1992. Partial reverse transcripts in virions 

from human immunodeficiency and murine leukemia viruses. J 

Virol 66:4893-900. 

44. Unutmaz, D., V. N. KewalRamani, S. Marmon, and D. R. 

Littman. 1999. Cytokine signals are sufficient for HIV-1 

 96 
 



infection of resting human T lymphocytes. J Exp Med 

189:1735-46. 

45. Wardlaw, A. J., R. Moqbel, and A. B. Kay. 1995. 

Eosinophils: biology and role in disease. Adv Immunol 

60:151-266. 

46. Weil, G. J., and T. M. Chused. 1981. Eosinophil 

autofluorescence and its use in isolation and analysis of 

human eosinophils using flow microfluorometry. Blood 

57:1099-104. 

47. Weller, P. F., W. L. Marshall, D. R. Lucey, T. H. 

Rand, A. M. Dvorak, and R. W. Finberg. 1995. Infection, 

apoptosis, and killing of mature human eosinophils by human 

immunodeficiency virus-1. Am J Respir Cell Mol Biol 13:610-

20. 

48. Wooley, D. P., K. T. Peterson, R. J. Taylor, C. C. 

Paul, and M. A. Baumann. 2000. Strain-dependent productive 

infection of a unique eosinophilic cell line by human 

immunodeficiency virus type 1. AIDS Res Hum Retroviruses 

16:1405-15. 

49. Youle, M., S. Emery, M. Fisher, M. Nelson, L. Fosdick, 

G. Janossy, C. Loveday, A. Sullivan, C. Herzmann, H. Wand, 

R. T. Davey, M. A. Johnson, J. A. Tavel, and H. C. Lane. 

2006. A Randomised Trial of Subcutaneous Intermittent 

Interleukin-2 without Antiretroviral Therapy in HIV-

 97 
 



Infected Patients: The UK-Vanguard Study. PLoS Clin Trials 

1:e3. 

50. Zack, J. A. 1995. The role of the cell cycle in HIV-1 

infection. Adv Exp Med Biol 374:27-31. 

51. Zack, J. A., S. J. Arrigo, S. R. Weitsman, A. S. Go, 

A. Haislip, and I. S. Chen. 1990. HIV-1 entry into 

quiescent primary lymphocytes: molecular analysis reveals a 

labile, latent viral structure. Cell 61:213-22. 

52. Zhu, J., and J. M. Cunningham. 1993. Minus-strand DNA 

is present within murine type C ecotropic retroviruses 

prior to infection. J Virol 67:2385-8. 

 98 
 


	Susceptibility of Primary Eosinophils to Infection with HIV-1 Strain HTLV-IIIB
	Repository Citation


