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Abstract: A wide variety of radiopharmaceuticals are used as diagnostic or therapeutic agents. In this case 
99m

Tc-IgG was used to determine infection-inflammation processes in HIV patients, who sometimes are difficult 

to diagnose because of the presence of non specific signs and symptoms.  

The aim of this work was to estimate the hazard associated with the use of radiopharmaceuticals in nuclear 

medicine. In order to establish a proper design of kinetic studies and determine the radiation doses to individual 

human organs internal dosimetry methods were used. HIV positive patients with suspect of infection focus were 

administered via iv injection with 740 MBq (20 mCi) of 
99m

Tc-IgG. Anterior and posterior whole body images 

were acquired at 4 and 24 hours post injection in a gamma camera Mediso Medical Imaging, 1024x512 matrix. 

Geometric mean was calculated for different regions of interest taking into account decay, scattering and 

attenuation corrections. Blood and urine samples were collected at 1, 4, 8, 12 and 24 hours post injection. They 

were measured in a dose calibrator Capintec CR 5, corrections for geometry and decay were performed. For 

each patient, percentage of injected dose was calculated both for biological and image samples.  

The number of disintegrations was developed for those organs where higher concentration of activity was 

observed (liver, kidneys and spleen), the organs involved in the excretion (urinary bladder and intestines), red 

marrow and the reminder of the body. Total doses were estimated using OLINDA/EXM software. The code 

calculations showed that chosen organs as more compromised during the diagnostic procedure received very 

low effective doses. Correlation studies with calculations performed both for image and biological samples data 

were done. Despite the risk population under study the dosimetric estimations showed that 
99m

Tc-IgG is a safe 

radiopharmaceutical to be used in routine diagnostic procedures without hazardous effects. 
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1. Introduction 

 

Acquired Immune Deficiency Syndrome (AIDS) is a collection of symptoms and infections resulting 

from the specific damage to the immune system caused by the Human Immunodeficiency Virus 

(HIV). The late stage of the condition leaves individuals susceptible to infections that are adequately 

neutralized in healthy individuals, so-called opportunistic infections.  

In Nuclear Medicine radiolabeled compounds, are administered to patients for medical diagnosis and 

therapy. Depending on the radiolabeled compound used, different processes in the human body can be 

studied. In clinical routine various radiopharmaceuticals are used to study the function of the lungs, 

kidneys, heart, liver and other tissues.  In the past years series of radiolabeled compounds have been 

developed for imaging infectious and inflammatory foci in the body. The gold standard 

radiopharmaceutical for imaging infectious and inflammatory foci is radiolabeled autologous 

leucocytes. This agent is prepared by isolating the white blood cells from a 50-mL blood sample of the 

patient. These white blood cells are labelled in vitro with a gamma-emitter: 
111
In or 

99m 
Tc. Then the 

radiolabelled white blood cells are reinjected in the same patient. Part of the injected white blood cells 

will then migrate to the infectious or inflammatory foci in the body, due to their chemotactic 

properties. The accumulation of the radiolabeled white blood cells in the infectious or inflammatory 

foci can be visualized with a gamma camera. For adequate and timely diagnosis of opportunistic 

infections in AIDS patients a nuclear medicine technique that adequately visualizes the location and 

the extent of the infection could be valuable. However, in AIDS patients radiolabeled white blood 

cells can not be used for infection imaging. The preparation of radiolabeled blood cells requires 

extensive handling of HIV infected blood, posing an unacceptable risk of accidental HIV infection to 

the medical staff in a hospital. 
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Therefore, the aim of this concerted action was to develop and test suitable radiopharmaceuticals for 

infection imaging for the diagnosis of opportunistic infections in HIV-positive patients. 

 

The production, quality control and use of nonspecific polyclonal human Immunoglobulin G labeled 

with Technetium-99m using hydrazinonicotinamide (HYNIC) as a coupling agent (IgG-HYNIC-Tc-

99m), was performed by the participants of a Coordinated Research Project  (CRP) of the AIEA 

(2005-2008). 
99m

 Tc-IgG-HYNIC- was produced under such conditions that it could be applied in 

clinical studies as an infection imaging agent. The reason for selecting 
99m 

Tc-labeled IgG is that it 

potentially meets the criteria that an infection imaging agent in emerging countries should meet: 

(1) High sensitivity for visualizing infectious foci  

(2) Kit preparation that can be performed from materials that are widely available  

(3) No need to handle blood 

(4) 
99m 

Technetium-based 

(5) Nontoxic, nonimmunogenic and safe 

(6) Inexpensive 

This group developed not only the production, labelling quality controls and in vivo studies but also 

dosimetric studies to complement the whole project.  

 

The aim of the work is to accurately determine the safety of using 
99m

Tc-IgG-HYNIC as a 

infection/inflammation agent in immune compromised patients and determine the correlation between  

2 methods of dose estimation using direct and indirect measures. 

 

 

2. Materials and Methods 
 

2.1 Preparation of 
99m
Tc-IgG-HYNIC 

 

The preparation of 
99m

Tc-HYNIC-IgG takes four stages: (1) conjugation, (2) purification, (3) the 

labelling process, and (4) quality control. To prepare the kits all the reagents must be analytical grade 

and all manipulations should be in a laminar airflow cabinet (class A) under aseptic conditions.  

In each of the three stages of the production of the radiopharmaceutical in-process controls were:  

sterility, apyrogenicity, determination of the HYNIC/IgG substitution ratio and labeling efficiency.  
Radiochemical purity of 

99m
Tc-HYNIC-IgG was assessed using three chromatographic systems.     The 

stationary and mobile phases and the resulting species Rf of the ITLC systems are shown in  Table  1. 

 

System Stationary phase Mobile phase Rf (species) 

1 SG-ITLC  

(activated 100º, 30 min) 

Citrate buffer pH 5.5 0-0.25 (colloid and 
99m

 Tc-IgG) 

0.7-1 (
99m

Tc-Tricine, free 
99m

 Tc) 

2 Whatman Nr 1 Propanone 0-0.25 (Tricine, colloid and 
99m

 Tc-

IgG) 

0.7-1 (free 
99m

 Tc) 

3 SG-ITLC  

impregnated with 1% 

HAS 

Ethanol:NH4OH:H2O 

(2:1:5) 

0-0.25 (colloid) 

0.7-1 (
99m

 Tc-IgG and free 
99m

Tc and 
99m

Tc-Tricine) 

Table 1 : Chromatographic systems used to determine radiochemical purity of the complex. 
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2.2 Image acquisition 

The radiopharmaceutical was administered according to the inclusion criteria previously established 

by the Ethics Committee of the University Hospital. Six HIV patients male and female, aged 22-54 

years and undergoing unidentified pyrexia were injected with 740 MBq 
99m

Tc-HYNIC-IgG. 

Scintigraphic images were acquired at 4 and 24 hours post administration using a low energy 

collimator, window was set at 20% over the 140 Kev peak for 
99m

Tc. Anterior and posterior static 

images were obtained at a matrix size of 256 x 256 gamma camera Mediso Medical Imaging. The 

scanning rate was set at for all patients at 16cm/min. Anterior and posterior whole body images were 

obtained immediately after injection and that was considered as the 100% uptake of the activity. 

2.2.1 Data imaging process 

Regions of interest (ROIs) were determined around the anterior and posterior whole body views 

scattering and attenuation corrections were performed. The same regions size was used in the 

subsequent views at 4 and 24 hours. Individual regions of interest were also delineated around liver, 

spleen, urinary bladder, kidneys, lesions, intestines, red marrow and total body. Geometric mean of 

the counts for each ROI was determined for whole body and organs and the data was used to calculate 

percentage of uptake in those regions or percentage of injected dose (% ID).  

2.3 Sampling  

Blood samples of 5 mL were taken at 1,4,8,12 and 24 hours post administration, urine samples were 

collected at the following time intervals 0-4, 4-8, 8-12 and 12- 24 hours post injection.  

2.3.1 Blood data process 

Blood samples were assessed as follows: Activity was determined in a ionization chamber 

CAPINTEC CRC 5, for triplicate these values were averaged, corrected for background, decay and 

blood volume, this one was estimated considering: 

Blood volume (L)= body mass (kg) x 0.07     (1) 

Activity in blood volume =                               

= Measured and corrected activity in blood sample of 5 mL x ( Blood Volume x1000 mL)        (2)    

                                                      5 (mL)  

 

Percent of injected dose (%ID) in blood was determined considering: 

%ID = Activity in blood volume x 100                                 (3) 

                              Injected activity 
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2.3.2. Urine data process 

Volume of each fraction of urine was recorded. Samples of 5 mL of each fraction were measured in a 

NaI (Tl) solid scintillation counter 3”x 3” ORTEC – Maestro. Net counts of 5 tubes were averaged, 

and corrections for total volume and decay were performed. Percentage of injected dose eliminated in 

the collection interval was calculated according to: 

 

Activity in total urine interval = Corrected activity of the sample x Total volume urine in interval    (4) 

                                                                                       Volume of sample 

 

%ID = Activity in total urine interval x100                             (5) 

                                   Injected Activity 

 

2.4 Data analysis 

Two groups of data were assessed, the first one using direct measures of images; percentages of 

retained activity in selected organs at different times were introduced in the OLINDA code for dose 

calculations. In the second group urine and blood samples were also used to calculate organ doses 

with OLINDA, taking into account instantaneous uptake, no biological clearance form organs and 4 

hours voiding interval. 

 

3. Results 

The 
99m

Tc-IgG HYNIC was obtained with high radiochemical purity. The studies performed in the 

HIV patients group of revealed the good toleration of the product. Urinary elimination of the 

radiopharmaceutical was 12.8± 2.3 % of the injected dose in 24 hs (Figure 1).  

Urine elimination profile
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Figure 1.- % ID eliminated vs time of 
99m

Tc-IgG-HYNIC mean of six patients. Each point is a mean ± SD (n=6) 
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Blood clearance profile corresponds with an effective half time of 25 hours (Figure 2).  
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Figure 2.- % ID vs time of 
99m

Tc-IgG-HYNIC mean of six patients. Each point is a mean ± SD (n=6) 

 

Organ doses estimations for data referred to direct measures of the activity retained in the selected 

ROIs and for indirect measures of urine and blood samples are compared in figure 3. 
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Figure 3.- Radiation dosimetry of 
99m

Tc-IgG HYNIC in HIV patients. Each point is a mean ± SD 

(n=6), p > 0.01 

Dose estimations derived from Olinda Code calculations were evaluated using statistical T. The 

results show that estimated doses both calculated form urine / blood or % of ID in ROI´s are 

equivalent and can be used indistinctly to reach reliable dose estimations.   
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4. Conclusions 

Most part of injected dose is retained in the body, especially in liver and spleen, only 12.8% of the ID 

is eliminated by urine. Olinda dose calculations reveal that the administration of 740 MBq (20 mCi) 

of  
99m

Tc IgG-HYNIC does not mean a burden of radiation to these kind of patients. The total body 

dose is also 1.5 mSv, so the safety of the radiopharmaceutical for immune compromised patients is 

demonstrated. As both methods of dose estimation are equivalent, the direct measures of the images is 

more rapid and avoids the manipulation of biological fluids of HIV patients resulting safer handling 

for health personnel.  
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