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Modes for chromatographic purification of immunoglobulin G (IgG) 
from the serum of horses hyperimmunized with rabies antigen

Immunoglobulin G (IgG) plays a key role in the body’s immune response, its high specificity to antigens and 
effectiveness in neutralizing pathogens make it a valuable tool in medical and scientific research. Horses are a 
source of significant amounts of IgG, but their purification to a level suitable for clinical or scientific use re­
quires specialized methods. Development of chromatographic purification modes for immunoglobulin 
G (IgG) from the serum of horses hyperimmunized with rabies antigen will allow standardizing the technolo­
gy in accordance with international quality and safety standards for the production and control of 
immunobiological medicines, vaccines and diagnostic test systems. Development of step-by-step modes and 
procedures for chromatographic purification of the serum of horses hyperimmunized with rabies antigen from 
the CVS-11 strain, with an assessment of the efficiency of the purification technology, protein yield and puri­
ty. The study used serological methods for obtaining and preparing serum from hyperimmunized horses, as 
well as biotechnological methods of gel filtration, ion exchange chromatography and subsequent electropho­
resis. The practical significance of the study may allow developing technologies for obtaining 
immunobiological preparations based on immunoglobulins, and can be used in the fields of medicine, bio­
technology and scientific research that require the use of highly purified immunoglobulins. According to the 
presented purification technology, immunoglobulins weighing 150 kDa were obtained, which under reducing 
conditions are divided into 2 light chains (28 kDa) and 2 heavy chains (55 kDa).

Keywords: immunoglobulin, purification technology, chromatography, rabies, serum, rabies antigen, 
hyperimmunization, antibodies.

Introduction

Rabies virus (RABV) belongs to phylogroup I of the genus Lyssavirus of the family Rhabdoviridae of 
the order Mononegavirales [1]. It is a zoonotic virus that is almost ubiquitous worldwide in various reservoir 
animals, including domestic and wild dogs and bats. Despite considerable efforts, most countries face serious 
difficulties in controlling RABV [2, 3], and in fact the virus has only been eradicated in a few developed 
countries by mass vaccination of wild and domestic dogs [4].

Today, about 3 billion people live at risk of contracting rabies from bites of infected animals, mainly in 
Asia and Africa, where half of the victims are children under 15 years of age [5, 6]. Nevertheless, 19-50 mil­
lion people receive post-exposure prophylaxis (PEP) each year.

Following a bite from a potentially infected animal, immediate administration of three doses of vaccine 
within the first week and one dose of rabies immunoglobulin (RIG) is recommended to kill the virus before it 
enters the nervous system [7, 8].

After the onset of rabies symptoms, the mortality rate reaches almost 100 %. It has been reported that 
about 59 000 people die from rabies each year worldwide, most of them in developing countries [9].

Although inactivated RABV vaccines are safe, the immunogenicity of inactivated vaccines is relatively 
lower than that of live attenuated vaccines [10, 11]. For post-exposure prophylaxis, four to five vaccinations 
of inactivated vaccine are required to achieve sufficient protection, resulting in a relatively long period and 
high immunization cost. Thus, there is still a need to improve the efficacy of other methods against rabies.

The rabies virus spreads within the wound itself before entering the motor nerve and infecting the cen­
tral nervous system [12]. Vaccine-induced active immunity develops approximately 7-10 days after the first 
dose of vaccine; administration of antirabies immunoglobulin provides passive immunity to protect the pa­
tient during this hiatus. In cases with a detectable site of exposure, such as a bite, wound washing and infil­
tration with antirabic immunoglobulin are critical for local neutralization of the viral inoculum [13]. Cases of 
fatal failure of PCP treatment often result from deviating from recommendations with inadequate or missed 
wound infiltration with antirabic immunoglobulin [14, 15].
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Purification of equine IgG is challenging because the product must be thoroughly purified in large 
enough quantities in an economical manner. Any clinically used antibody must be pure, as contaminating 
serum proteins can cause various adverse reactions. Horse IgG is widely used in developing countries where 
the cost of the product can be a major limiting factor [16].

Classical protocols for the isolation and purification of IgG antibodies often did not result in a high de­
gree of purity. Currently, chromatographic methods are used to purify proteins to a high degree. The separa­
tion and extraction of proteins by chromatographic methods are influenced by factors such as buffer type and 
pH, gradient length, mobile phase flow rate, ionic strength, and protein characterization. Selecting the ideal 
conditions for protein purification involves controlling and varying these parameters.

In the present study, we evaluated the efficacy of anion-exchange and exclusion separation as a single­
step method or combined protocol for purification of antirabic IgG from equine serum. We also investigated 
ammonium sulfate precipitation and n-hexane delipidation of serum prior to chromatographic separation 
with respect to the final purity of polyclonal antibodies. Based on these results, we propose a strategy for 
purification of polyclonal anti-rabies IgG antibodies from horse serum by high-resolution ion-exchange 
chromatography.

Studies of anti-rabies immunoglobulin (RIG) have revealed differences in antibody titers, with the neu­
tralization test in mice showing higher levels than the rapid fluorescence focus inhibition test [17]. This dis­
crepancy affects the efficacy of anti-rabies immunoglobulin in post-exposure treatment with rabies vaccine. 
Studies in dogs have shown that the immunoglobulin response to rabies virus immunization is characterized 
by an initial increase in IgM and a subsequent increase in IgG [18]. In search of alternatives to human and 
equine antirabic immunoglobulin, rabbit antirabic immunoglobulin was developed and found to be safe and 
effective for post-exposure prophylaxis. Hyperimmunization has been identified as a method of inducing 
desired antibody titers against rabies in potential plasma donors [19].

Antirabies immunoglobulin, especially human antirabies immunoglobulin (HRIG), has been shown to 
be safe and effective in pediatric patients with suspected exposure to the virus [20]. However, there are sig­
nificant gaps in the market availability of rabies biologics including immunoglobulins in India, which may 
hinder the prevention and elimination of rabies in humans [21]. The development of monoclonal antibodies 
for rabies post-exposure prophylaxis is a promising area, with the first anti-rabies monoclonal antibody re­
cently receiving regulatory approval in India [22]. It is important to note that the diagnosis of rabies in pa­
tients who have recently received intravenous immunoglobulin (IVIG) may be difficult because these pa­
tients may have serum RLNA despite not having been vaccinated against rabies [23].

Experimental

The studies were performed in the laboratory “Virology” of Research and Production Enterprise “Anti­
gen” LLP in the period from July 2023 to March 2024.

Strain
Strain CVS-11 (Anses, France) is a fixed strain of rabies virus used in laboratory and production re­

search. It was isolated in 1931 from the brain of an infected dog in New York City. The CVS-11 strain is 
adapted to growth in cell cultures and is widely used for rabies virus research and vaccine development.

Horses are producers
Producing horses were hyperimmunized with increasing doses of inactivated rabies virus CVS-11 strain 

antigen, ranging from a concentration of 3.0-3.5 lg TDC /cm503, to a concentration of 6.0-6.5 lg TDC /cm503.
Assembly o f hyperimmunized serum
Hyperimmunized serum was prepared in the conventional manner, clarified by centrifugation (1000 g, 

15 min) and diluted 1:1 with sodium phosphate buffer at pH 7.2 before preparation. The presence of polyclo­
nal antibodies (pAb) against rabies virus was serologically confirmed by AGID radial immunodiffusion or 
ELISA.

Ammonium sulfate precipitation
The precipitation was carried out at +4 °C. To 100 ml of serum, 50 ml of saturated ammonium sulfate 

solution was added. The next day, this material was centrifuged (10,000 g for 20 minutes) and washed twice 
with 50 % saturated ammonium sulfate solution. The precipitate was dissolved in distilled water. To remove 
salts and low molecular weight compounds, serum was dialyzed against 0.05MNaP++0.015 M NaCl buffer 
20 times the sample volume with agitation, at 4 °C in a Spectra Por dialysis bag (Spectrum Laboratories), 
with a molecular weight capacity of 12-14 kDa. The precipitate solution was mixed with an equal volume of
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n-hexane and centrifuged (20000 g, 40 °C for 30 min) to remove lipids. The final solution was filtered 
through a Millipore filter (0.22 pm) and the clear supernatant was loaded onto the column.

Chromotographic procedures
Gel filtration was performed on XK 26/100 Sephacryl S-200 HR columns (GE Healthcare, Sweden). 

The column was equilibrated with five volumes of 0.05 M Na-phosphate buffer + 0.015 M NaCl, adjusted to 
pH 7.0. Samples were subjected to chromatography at flow rates of 0.8 mL/min. Molecular mass calibration 
curves were constructed to determine the molecular mass of all sample components.

Ion-exchange chromotography procedure
Ion-exchange chromatography was performed on an XK 16*40 anion-exchange column, DEAE 

Sephacel, (GE Healthcare, Sweden) with starting buffer A, 20 mMNaP+(pH 7.0) and elution buffer B, 1 M 
NaCl. The gradient was generated for 20 minutes at a flow rate of 1.2 mL/min. Sample loading was 5 mL of 
sample after injection using a 0.1-2.0 mL sample loop. The appearance of protein in the fractions was moni­
tored using a spectrophotometer by measuring the OD at 280 nm. 100 pl of each fraction was precipitated 
with ethanol and analyzed by SDS-PAGE.

Electrophoresis
The purity of the different IgG preparations was verified by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) of recovered and unrecovered samples. The total concentration of polyacryla­
mide in the separating gel was 8 or 12 %. Coomassie brilliant blue R-250 was used to visualize protein 
bands. Low molecular weight marker from Thermo scientific (Vilnius, Lithuania) was used as a standard.

Results and Discussion

Ammonium sulfate precipitation.
Equine hyperimmune serum against rabies was used as the study material. A preliminary experiment 

was conducted to study the efficiency of IgG precipitation by different concentrations of ammonium sulfate, 
ethanol and isopropanol (Fig. 1).

Figure 1. Electrophoregram comparing the precipitation of IgG from hyperimmune serum by different methods.
1 — Precipitate after precipitation with Ammonium Sulfate (40 % saturated), 2 — Precipitate after precipitation 

with Ammonium Sulfate (50 % saturated), 3 — Precipitate after precipitation with Isopropanol (1:1),
4 — Precipitate after precipitation with 96 % Ethanol (2:1), 5 — Standard molecular weight marker.

The corresponding molecular mass of each band is indicated in kDa.

Analysis of the protein by SDS-PAGE under reducing conditions showed that the basis for separation is 
preferential precipitation of IgG at high concentrations of ammonium sulfate. At lower salt concentrations in 
this range, the precipitate consists mainly of IgG, but a significant amount of antibody still remains in solu­
tion and hence the recovery rate is very low. On the other hand, at higher salt concentrations the recovery of
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IgG is very high but also precipitates a significant amount of impurities, primarily serum albumin, which 
results in very low purity and requires further purification [24] Also from the SDS-PAGE results it can be 
analyzed that precipitation with isopropanol and 96 % ethanol can be used for the primary precipitation and 
concentration of immunoglobulins.

Gel-filtration chromotography procedure
In the first stage of the experiments, horse serum containing IgG against rabies virus was loaded onto a 

chromatograph column. Prior to chromatography, ammonium sulfate precipitation and n-hexane delipidation 
were used as a general purification step.

Gel filtration chromatography on a 26/70 Sephacryl S-200 HR XC column was used to obtain high pu­
rity IgG fractions. The column was loaded with 5 ml of post-dialysis serum and the best performance was 
achieved at a flow rate of 0.8 ml/min. This step allowed the separation of immunoglobulin with a molecular 
weight (MW) of 150,000 kDa from most of the albumin fraction and other serum proteins. The chromato­
gram plot of the primary purified IgG fraction on the Sephacryl S-200 NR column is shown in Figure 2.

Figure 2. Chromatogram of anti-rabies IgG obtained on a 26/70 Sephacryl S-200 NR XC column 

The first peak containing the target immunoglobulin fraction was analyzed by SDS-PAGE (Fig. 3).

40

35

15

Figure 3. SDS-PAGE of immunoglobulins obtained by gel filtration chromatography. 
1,2,3,4,6,7,8- immunoglobulin fractions obtained by gel filtration chromatography, 5- Standard molecular 

weight marker. The corresponding molecular mass of each band is indicated in kDa.
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From the results of SDS-PAGE under reducing conditions, it can be seen that the chromatographic frac­
tion of the first peak contains not only IgG but also traces of other serum proteins. The target fractions con­
taining IgG were further purified by ion exchange chromatography.

Ion exchange chromatography procedure
The second step of purification of anti-rabies IgG consisted of anion-exchange chromatography on an 

XK 16*40 column, DEAE Sephacel, GE Healthcare. This column was used for secondary purification of the 
IgG peak obtained from the gel filtration column. The best results were obtained when protein elution was 
performed with 20 mM sodium-phosphate buffer at pH starting at 8.5 and ending at 7.5, using a linear salt 
gradient from 0 to 1 M NaCl concentration for 20 min at a flow rate of 1.2 mL/min. The resulting chromato­
gram was shown in Figure 4. The elution profile gave at least two major peaks. The first peak in the chroma­
togram is the fraction of positively charged IgG that did not bind to the positively charged sorbent. The se­
cond major peak is the remaining serum proteins firmly bound to the sorbent and then eluted at high salt 
concentration. Thus, we were able to purify the anti-rabies IgG from the remaining serum proteins. The puri­
ty verification of the obtained IgG is shown in Figure 5.

Figure 4. Chromatogram of the receipt of anti-rabies IgG obtained on XK 16*40 column, DEAE Sephacel

60

50

40

30

Figure 5. SDS-PAGE of immunoglobulins obtained by ion exchange chromatography.
1- Standard molecular mass marker. The corresponding molecular mass of each band is indicated in kDa. 

2,3,4,6,-fractions of immunoglobulins obtained by ion exchange chromatography
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The purity of immunoglobulin purified on the ion exchanger can be seen by SDS-PAGE under reducing 
conditions. IgG with a molecular mass of 150 kDa. Under reducing conditions, separated into 2 light chains 
(28kDa) and 2 heavy chains (55kDa).

Conclusion

According to the results obtained, chromatographic purification is a modern and effective method for 
obtaining highly purified anti-rabies immunoglobulins. According to the presented purification technology, 
immunoglobulins with the mass of 150 kDa were obtained, which are separated into 2 light chains (28 kDa) 
and 2 heavy chains (55 kDa) under reducing conditions. The development of domestic technology for purifi­
cation of immunoglobulins will make it possible to obtain not only antirabicimmunobiologic preparations, 
but also preparations against other infectious diseases. The findings of the study emphasize the importance of 
proper selection and optimization of IgG purification methods to ensure high purity and product yield. These 
results have practical implications for the production of IgG-based drugs, which are widely used in medical 
practice, including for the prevention and treatment of rabies as well as other infections. Further research in 
this area may contribute to the improvement of production technologies and the quality of immunoglobulins.
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Рабикалык антигенмен гипериммундалFан жылкылардыц сарысуынан 
G (IgG) иммуноглобулинд1 хроматографиялык тазарту режимдер1

G (IgG) иммуноглобулин агзаныц иммундьщ реакциясында шешушi рел аткарады, оньщ антигендерге 
жогары ерекшелт жэне патогендi бейтараптандырудагы тш мдш т оны медициналык жэне гылыми 
зерттеулерде кунды куража айналдырады. Жылкы продуценттерi IgG едэуiр мелшершщ Ke3i болып 
табылады, бiрак оларды клиникалык немесе гылыми колдануга жарамды децгейге дейгн тазарту Yшiн 
арнайы эдгстер кажет. Рабикалык антигенмен гипериммундалган жылкылардыц сарысуынан G (IgG) 
иммуноглобулин хроматографиялык тазарту режимдергн эзiрлеу иммунобиологиялык препараттарды, 
вакциналарды жэне диагностикалык тест-ЖYЙелердi eндiру жэне бакылау сапасымен каушаздгггнщ 
халыкаралык стандарттарына сэйкес технологияны стандарттауга MYмкiндiк бередi. CVS-11 штамы- 
нан рабикалык антиген мен гипериммундалган жылкылардыц сарысуын хроматографиялык 
тазартудыц кезецдiк режимдерi мен процедураларын эзiрлеу, тазарту технологиясыныц ттмдшпне, 
акуыздыц шыгымдылыгына жэне тазалык дэрежесше багалау ЖYргiзiлдi. Зерттеуде
гипериммунизацияланган жылкылардыц сарысуларын алу мен дайындаудыц серологиялык эдiстерi, 
сондай-ак гельдi сузу, ион алмасу хроматографиясы жэне одан кешнп электрофорездщ 
биотехнологиялык эдiстерi колданылды. Зерттеудщ практикалык мацыздылыгы иммуноглобулиндер- 
ге непзделген иммунобиологиялык препараттарды алу технологияларын дамытуга MYMкiндiк бередi 
жэне жогары тазартылган иммуноглобулиндердi пайдалануды талап ететш медицина, биотехнология 
жэне гылыми зерттеулер салаларында колданылуы MYMкiн. ¥сынылган тазарту технологиясына 
сэйкес салмагы 150 кДа иммуноглобулиндер алынды, олар калпына келтiру жагдайында 2 жецiл 
тiзбекке (28 кДа) жэне 2 ауыр тiзбекке (55 кДа) бeлiнедi.

КЛт свздер: иммуноглобулин, тазарту технологиясы, хроматография, кутыру, сарысу, рабикалык ан­
тиген, гипериммунизация, антиденелер.

А.Б. Нурмухамбетова, Ж.М. Батанова, Г.А. Баянды, Е.А. Крыкбаев,
Э.Ж. Битанова, Н.Н. Ахметсадыков, Д.С. Аманкелдi

Режимы хроматографической очистки иммуноглобулина G (IgG) 
из сыворотки лошадей гипериммунизированных рабическим антигеном

Иммуноглобулин G (IgG) играет ключевую роль в иммунном ответе организма. Его высокая специ­
фичность к антигенам и эффективность в нейтрализации патогенов делают его ценным инструментом 
в медицинских и научных исследованиях. Лошади продуценты являются источником значительного
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количества IgG, но их очистка до уровня, пригодного для клинического или научного использования, 
требует специализированных методов. Отработка режимов хроматографической очистки иммуногло­
булина G (IgG) из сыворотки лошадей, гипериммунизированных рабическим антигеном, позволит 
стандартизировать технологию в соответствии с международными стандартами качества и безопасно­
сти производства и контроля иммунобиологических препаратов, вакцин и диагностических тест­
систем. Проведена отработка поэтапных режимов и процедур хроматографической очистки сыворот­
ки лошадей, гипериммунизированных рабическим антигеном из штамма CVS-11, с оценкой эффек­
тивности технологии очистки, выхода белка и степень чистоты. В исследовании применялись сероло­
гические методы получения и подготовки сывороток гипериммунизированных лошадей, а также био­
технологические методы гель-фильтрации, ионообменной хроматографии и последующего электро­
фореза. Практическая значимость исследования может позволить развить технологии получения им­
мунобиологических препаратов на основе иммуноглобулинов и может быть применена в областях ме­
дицины, биотехнологии и научных исследований, требующих использования высокоочищенных им­
муноглобулинов. Согласно представленной технологии очистки, получены иммуноглобулины массой 
150 кДа, которые в восстанавливающих условиях разделяются на 2 легкие цепи (28 кДа) и на 2 тяже­
лые цепи (55кДа).

Ключевые слова: иммуноглобулин, технология очистки, хроматография, бешенство, сыворотка, раби­
ческий антиген, гипериммунизация, антитела.
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