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Abstract

Background: Haemophilus influenzae type b (Hib) infection has high morbidity and mortality rate, especially in children under 5 years of 
age. Enzyme-linked immunosorbent assay (ELISA) technique is the most used method to detect antibodies against H. influenzae. Available 
commercial ELISA kits are expensive and not always readily available, particularly for epidemiological studies.
Objectives: This study was performed to develop and optimize a homemade ELISA kit for the detection of Hib anti-polyribosylribitol 
phosphate (PRP) antibodies in children.
Materials and Methods: To develop and optimize an indirect ELISA method, pure PRP was prepared. The PRP was coupled to bovine serum 
albumin, using sodium periodate. Then optimal conditions for ELISA, including coating antigen concentration and peroxidase labeled 
conjugate concentrations, incubation temperature and incubation time, were determined. To confirm the efficacy of optimized kit, 83 
serum samples from non-vaccinated children, aged less than 6 years were collected and analyzed, using homemade and commercial ELISA.
Results: The optimal conditions were considered to perform ELISA. Comparison between results obtained from optimized ELISA kit and 
commercial ELISA kit showed a good agreement.
Conclusions: Taking into account these data, we elaborated a homemade ELISA kit that is an efficacious and cost-effective substitute for 
commercial kit, in disease control and diagnosis.
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1. Background
Haemophilus influenzae type b (Hib) is responsible for 

numerous upper respiratory tract infections and for the 
majority of bacterial meningitis cases, in children (1). The 
disease is rare in children less than 3 month and over 6 
years (2, 3). Later studies showed that, usually, H. influenzae 
is a secondary infection after viral influenza (3, 4). Systemic 
infection with H. influenzae in children is present world-
wide (5). Vaccination has been recommended in immune 
deficient individuals (6). The bacteria are a small, coccid, 
facultative anaerobic and gram negative organism (7). Non-
capsular strains have lower virulence and cause otitis me-
dia in children (8-10). Considerable evidences indicates that 
the structure of the capsular type-specific antigen of Hib 
is a polyribosylribitol phosphate (PRP) polymer (11) and its 
antibodies play a significant protective role against H. influ-
enzae infection (12). Detection of serum anti-PRP antibod-
ies (PRP-Ab), by a sensitive and specific assay, is therefore 
of great importance. The enzyme-linked immunosorbent 
assay (ELISA) technique for the measurement of anti-Hib 
capsular polysaccharide antibodies was first  successfully 

used in 1988 and, since then, it has been widely used all over 
the world (13-16). 

The antibody titers obtained by this technique show 
acute, chronic and post-vaccination steps (17). A comparison 
among different assays, such as PCR, loop -mediated isother-
mal amplification (LAMP), radio immune assay (RIA) and 
ELISA cleared that Elisa has multiple advantages (18-21). The 
antibody levels against Hib capsular polysaccharide have 
been investigated in children in Iran, using ELISA kits (16). Al-
though using commercial ready to use ELISA kits is easy and 
convenient, sometimes, homemade ELISA kits are required 
because of its affordability and also because of shortage and 
expensiveness of commercial kits (22). Moreover, using com-
mercial ELISA kits to detect Hib antibody titer, especially for 
epidemiological studies, can cost much more than home-
made kits. Homemade ELISA kits for several pathogens, such 
as Helicobacter pylori (23) and Toxoplasma gondii (24) have 
been reported advantageous and cost-effective. Therefore, it 
was necessary to developed and optimize an indirect-ELISA 
plate for the detection of Hib infection in children. 
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2. Objectives
The H. influenzae is the most frequent causative agent of 

bacterial meningitis, in children aged 5 months to 5 years. 
The presence of anti-PRP antibody in the serum of non-vacci-
nated children 3-5 years old is common. Although there are 
different diagnostic methods to confirm the infection, the 
most used and preferred method is ELISA immuno-enzymat-
ic method, as a screening test. It is necessary to prepare and 
develop antigen coated plates to study seroepidemiology of 
H. influenzae to evaluate its health impact. We designed and 
optimized anti-Hib enzyme immunoassay kit in our labora-
tory and compare it to vaccZymeHiBIgG (Binding site-UK).

3. Materials and Methods

3.1. Antigen Preparation
The PRP was prepared from culture supernatants of Hib 

strains, which were obtained from the type bacteria col-
lection of Pasteur Institute of Iran, Tehran, Iran (PTCC = 
1623) grown on culture media, including brain heart in-
fusion broth (BHIB) (Difco, USA) and tripticase soy broth 
(TSB) (Difco, USA). In order to increase cell density and 
PRP titer, 60 liter fed batch fermentation was incorpo-
rated (Nova-palijas, contact-flow BV, the Netherlands) 
with 40 L working volume, at 37 ± 1°C (14). The PRP was 
prepared by precipitation with a mixture of alcohols, in-
cluding ethanol 70%, methanol 99% and isopropanol 99%, 
with ratios of 60%, 20% and 20%, respectively. Then, the 
precipitate was centrifuged for one hour at 4000 rpm. 
The pellet was washed two times with pyrogen free wa-
ter. After storing at 4ºC for 24 hours, it was centrifuged 
for one hour at 4000 rpm. Resuspension of the precipi-
tate was performed in 0.3 M sodium chloride. Orcinol 
was added to the pellet for assessing ribose (11, 14, 25, 26). 
The ribose concentration was determined by measuring 
the absorbance of the solution at 670 nm and comparing 
it to a standard curve prepared by assaying pure ribose. 
The PRP concentration was expressed in units of mg PRP 
per liter (14). After lyophilization, the purity of PRP was 
determined with nuclear magnetic resonance (NMR) and 
fourier transform infrared spectroscopy (FTIR).

3.2. Antigen Coatin
An amount of 2 mg PRP antigen was dissolved in 1 mL of 

distilled water, after which 100 µL of 0.1 M sodium periodate 
was added to this solution to the emerging aldehyde groups 
from vicinal hydroxyl groups of sugar moieties of PRP (27). 
The reaction mixture was stirred at room temperature for 
20 minutes. The solution was dialyzed in 0.001 M sodium ac-
etate buffer, with a pH of 4.4 and kept at 4ºC for overnight. 
A two milliliters solution of 0.5 M bicarbonate containing 5 
mg/mL BSA, with a pH of 9.6, was prepared. Dialyzed antigen 
was mixed with 2 mL of prepared BSA and stirred at room 
temperature for 2 hours. An amount of 400 µL of 4 mg/mL 
sodium borohydride was gently added to the antigen so-

lution and stirred for one hour. The antigen solution was 
dialyzed in carbonate buffer at 4ºC for 24 hours. Micro plate 
wells (Greiner Bio-One GmbH, Germany) were coated with 
coating buffer (bicarbonate, pH = 9.6) containing prepared 
antigen solution (PRP-BSA) for 24 hours at room temperature 
(11). Then, the plates were washed two times with washing buf-
fer (PBS 0.05% Tween 20, pH = 7.2), which contains no other 
proteins that might compete with the target antigen for at-
tachment to the plastic solid phase. The plates were blocked 
with blocking buffer (5% BSA) for 1 hour at room temperature. 
Plates were emptied and were kept at room temperature 
overnight, to become dry. The BSA is a neutral substance that 
inhibits passive adsorption of non-specific antigens, while 
still allowing immunological binding so that it cannot cause 
cross-reactivity with sera. Consequently, BSA is a common 
substance that is used in blocking buffer after coating plates 
(28). We made used of this characteristic to bind PRP to the 
solid phase in an effective way.

3.3. Sera Collection
Sera were obtained from 83 non-vaccinated children, 

aged less than 6 years, referred to three Tehran hospitals 
(Milad, Baharloo and Imam-Hosein, Tehran, Iran).

3.4. Indirect-Enzyme Linked Immunosorbent Assay 
Procedure

Indirect ELISA method was used for the detection of anti-
bodies against a specific antigen in a two-step incubation 
procedure. Polystyrene micro well strips (solid phase) are pre-
coated with recombinant, highly immunoreactive antigens. 
Patient’s serum, which was diluted in diluents buffer, is added 
to wells. During the first incubation step, anti-specific anti-
bodies, if present in serum, will be bound to the solid phase 
precoated antigens. The wells are washed to remove unbound 
serum proteins and anti-human antibodies conjugated to the 
enzyme horseradish peroxidase (HRP) is added. During the 
second incubation step, these HRP-conjugated antibodies 
will be bound to any antigen-antibody complexes previously 
formed and the unbound HRP-conjugate is then removed 
by washing. A solution of tetramethylbenzidin (TMB) HRP 
substrate/chromophore is then added and incubated for 15 
minutes, resulting the development of blue color. The color 
development is stopped and the absorbance is measured 
spectrophotometrically, at 450 nm. The color intensity can be 
measured and it is proportional to the amount of antibody 
captured in the wells and to the amount of antibody in the 
sample, respectively. Wells containing samples negative for 
antibody-antigen complexes remain colorless (29).

3.5. Indirect Enzyme-Linked Immunosorbent Assay 
Optimization

In order to define the optimal dilution for each of the coat-
ing antigen and HRP-conjugated anti-human IgG, a titration 
checkerboard was performed, while the primary concentra-
tions of the samples were 2 mg/L and 1 mg/L, successively. 
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Moreover, to determine the suitable time and tempera-
ture for reaction between antibody and antigen and also 
between the formed complex and enzymatic conjugate, 
series of tests at different incubation periods and tempera-
tures were performed. Flat-bottom plates (Greiner Bio-One 
GmbH, Germany) were coated with 100 µL of PRP-BSA with 
defined appropriate concentration and incubated for 24 
hours at room temperature, to perform coating. Washing of 
the coated plates was performed three to four times, with 
washing buffer (PBS 0.05%, Tween 20, pH = 7.2). Then, wells 
were filled with 150 µL of blocking buffer and incubated for 
30 minutes at 37°C, after which washing of the plates was 
performed again three to four times and 100 µL of dilution 
buffer were added (washing buffer, including 1% BSA). 

At this point, the plates were ready to add serum samples, 
consisting of 10 µL of test sera, including positive and nega-
tive control (obtained from commercial kit, vaccZyme-
HiBIgG, Binding site-UK) were added to wells. Plates were 
incubated at 37ºC for 30 minutes. After washing the wells 
and adding of 100 μL of HRP-conjugated IgG, with defined 
appropriate concentration, each plate was incubated at 
37ºC for 30 minutes. The washing procedure was repeated 
and 100 µL of TMB (HRP substrate/chromophore) were 
added and plates were allowed to rest at room temperature, 
in the dark, for 15 minutes. An amount of 50 μL of stopping 
solution (1M hydrochloric acid) was added to each well and 
then optical density was measured at 450 nm in an ELISA 
reader (BioTek, Winoovaki, VT, USA) and data were analyzed. 
The standard positive control of commercial kit (vaccZyme-
HiBIgG, Binding site-UK) ranging in anti-PRP antibody con-
centrations from 0 to 10 mg/ml were assayed simultane-
ously at 450 nm. A commercial ELISA kit (vaccZymeHiBIgG, 
Binding site-UK) was used to analyze the same sera and 
results were compared with results obtained from home-
made ELISA kit.

4. Results

4.1. Coating Antigen Synthesis
Fed batch fermentation was used to increase cell density 

and PRP titer. To evaluate the best time for harvesting PRP, 
we measured the optical densities (OD) of several samples 
of antigen concentrations, at 450 nm at different times. As 
the curve shows in Figure 1, the optimal concentration for 
antigen harvest was reached after 9 hours. The NMR and 
FTIR analyses were performed on vials of lyophilized PRP, 
containing 9.8 g powder of PRP. Data indicate > 90% similar-
ity between purified PRP and standard PRP obtained from 
previous studies (25).

4.2. Determination of Optimal Conditions for 
Enzyme-Linked Immunosorbent Assay

Developing the ELISA kit for anti-PRP antibody detection 
was accompanied by optimizing the reagents concentra-
tions, incubation temperature and incubation time. In 

order to obtain higher absorbance for positive control 
and lower for negative ones, all these factors were experi-
mentally determined by testing positive and negative 
control. A limitative factor for ELISA reactions is repre-
sented by the amount of antigen which can be fixed on 
the solid phase. To define the optimal working dilution of 
coating antigen, several dilutions of PRP-BSA [while keep-
ing the concentration of coating antigen constant] from 
1/10 to 1/200 were prepared and assayed simultaneously. 
As indicated in Table 1, the highest OD for positive control 
and the lowest OD for negative control and blank were at 
a dilution of 1/50. To define the optimal dilution of HRP-
conjugated anti-human IgG, three dilutions were used in 
the ELISA test. 

As shown in Table 2, the optimal dilution, in which the 
ratio between the absorbance of negative control and the 
positive one has the lowest value, was defined at the dilu-
tion of 1/5000. To define the optimal incubation tempera-
ture, positive control, negative control and blank were 
analyzed at 37ºC and room temperature, and the optimal 
incubation temperature for sera and conjugate was de-
fined at 37ºC. In order to determine the suitable time for 
reaction of antibody-antigen and also the HRP-enzymatic 
conjugates, series of tests at two different incubation 
time periods, 30 minutes and 60 minutes, for the con-
trols, as well as for the conjugate, were performed. In all 
diagnostic tests, those in which sensitive and correct re-
sults are provided in a shorter period of time are more 
advantageous. The optimal incubation time, at which the 
ratio between the absorbance of negative control and the 
positive one has the lowest value, was 30 minutes ELISA 
showed absorbance at 450 nm as a function of the con-
centration of anti-PRP antibodies, in standard positive 
control, as depicted in Figure 2.

After measuring absorbance for all 83 samples, data were 
analyzed and signals were plotted versus the concentration 
of antibody. Since ELISA test was performed three times for 
each serum sample, average data were provided. Serum 
samples were divided into three age groups: 14.45% < 2 years 
old, 46.98% were 2 - 4 years old and 38.55% were 4 - 6 years old.

Figure 1. Obtained Optical Density of Antigen From H. influenzae Culture 
in Fermantor at Various Moments
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The optimal concentration for antigen harvest was developed after 9 hours.
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Table 1. Obtained Optical Densities From six Different Dilutions of 1 mg/mL PRP at 450 nma

OD at 450 nm

PRP dilutions 1/200 1/100 1/50 1/40

Blank 0.013 0.007 0.012 0.044

Negative 0.166 0.114 0.116 0.033

Positive 0.905 1.367 2.990 2.555

Abbreviations: OD, optical density; PRP, polyribosylribitol phosphate.
aOptimal dilution of PRP was at dilution of 1/50.

Table 2. Obtained Optical Densities From Four Different Dilutions of 1 mg/mL Conjugate Antibody at 450 nma

OD at 450 nm

Dilutions of conjugated antibody 1/5000 1/4000 1/2000 1/1000

Blank 0.063 0.108 0.120 0.140

Negative 0.247 0.309 0.306 0.261

Positive 1.447 0.993 1.079 1.353

Abbreviations: OD, optical density.
aOptimal dilution of conjugate antibody was 1/5000.

Table 3. Comparison Between Obtained Results From Home-Made kit and Commercial kit on Serum Samples in Percentage, to Have 
or not to Have Minimum Immunity Against Polyribosylribitol Phosphatea

Age, y Home-Made Kit vaccZym Kit

Minimum Immunity 
0.11, µg/mL

Without Minimum Immunity 
< 0.11, µg/mL

Minimum Immunity 
0.11, µg/mL

Without Minimum Immunity 
< 0.11, µg/mL

0 - 2 41.16 58.33 41.66 58.33

2 - 4 66.66 33.34 64.09 35.89

4 - 6 78.12 21.87 78.12 21.88
aValues are expressed as percentage.

Concentrations of anti-PRP IgG antibody were deter-
mined using standard calibrators, supplied with the vac-
cZym kit and were expressed in μg/mL. The lower and up-
per limits of detection were 0.11 and 9 μg/mL, respectively 
(27). In age group < 2 years old, about 58% lacked serum 
antibody against PRP capsule of Hib and about 42% had 
the minimum acceptable level or a higher antibody level, 
which has been considered an immunological correlate 
of natural protection against invasive Hib disease. In age 
group 2 - 4 years old, about 33% lacked serum antibody 
against Hib and 67% had the minimum acceptable anti-
body level or greater, indicating protection against Hib. 
In age group 4 - 6 years old, 22% lacked serum protective 
antibody and 78% had the minimum acceptable level or 
more than minimum acceptable level, indicating protec-
tion against Hib infection. Comparison between results 
obtained from optimized ELISA kit and vaccZymeHiBIgG 
binding site ELISA kit is presented in Table 3.

Calibrators Concentration, mg/L
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Figure 2. Calibrators Concentration According to Five Calibrators (0.11, 
0.33, 1, 3 and 9 mg/L) Existing in vaccZym HiB IgG (Binding site- UK)
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5. Discussion
The aim of this study was to develop and optimize a 

home-made ELISA kit for detection of anti-PRP antibody 
in infected children. All these experiments permitted to 
develop a home-made indirect-ELISA method kit, for de-
tection of Hib infection. On the basis of the analysis of 83 
serum samples, the results obtained by home-made ELISA 
showed an overall good agreement with those of vacc-
Zyme kit. This means that the obtained data from home-
made kit results are in the same range with the commer-
cial kit. We suggest that the agreement of results is due to 
the high purity of produced PRP, optimization of factors 
affecting reactions of the test, including antigen-HRP-
conjugated anti-human IgG concentrations, incubation 
time and temperature. Moreover, using BSA was impor-
tant to make coating with PRP possible. This method of 
optimizing ELISA has also been shown in previous stud-
ies (27-30). Our results are in agreement with those of Mo-
hammadi et al. (23).

In their study, a home-made ELISA kit was developed, 
incorporating soluble antigens extracted from Iranian H. 
pylori strains and evaluated against commercially used im-
ported ELISA kits. Cost effectiveness and efficiency of the 
home-made kit was emphasized (23). Moreover, in a study 
conducted by Jalallou et al. (24). The sensitivity and speci-
ficity of home-made ELISA for the detection of anti-Toxo-
plasma-specific IgM and diagnosis of acute infection, com-
pared to a standard commercial ELISA, were 80% and 90%, 
respectively. Liu et al. study in China, on the comparison of 
homemade and imported HbsAg ELISA kits for screening 
blood samples, confirms that the imported ELISA kit had 
the highest sensitivity, although its specificity was not as 
good as that of the home-made ELISA kit (31). Based on the 
results of this study, the proportion of natural antibody 
was increased by age. The exposure rate of children with 
Hib is high, particularly in children younger than 2 years 
old. This has also been observed in a study conducted by 
Jahromi and Rahmanian (22), revealing the need to intro-
duce Hib conjugate vaccine in national immunization 
programs; however, they used a commercial ELISA kit that 
is not cost-effective, particularly for more extensive epide-
miological studies. We recommend further studies, incor-
porating home-made ELISA kits to detect anti-PRP antibod-
ies, using a larger population of children, to emphasize 
more the need of immunization.

Acknowledgments
This work was supported by Pasteur Institute of Iran, 

Tehran, Iran.

Footnotes
Authors’ Contribution:Study concept and design: 

Seyed Fazlolah Mousavi; analysis and interpretation of 
data: Seyed Davar Siadat and Seyed Fazlolah Mousavi; 
drafting of the manuscript: Sara Fatemi and Elnaz Nikan-
pour; critical revision: Mohamad Ali Malekan; statistical 

analysis: Seyed Fazlolah Mousavi and Seyed Davar Siadat; 
administrative technical and material support: Ali Reza 
Khabiri; study super vision: Ali Reza Janani.

Funding/Support:This study was supported by pasteur 
institute of Iran, Tehran, Iran, and the center for manage-
ment of communicable diseases, ministry of health, Teh-
ran, Iran.

References
1.       Salisbury D, Ramsay M, Noakes K. Immunisation against infectious 

disease. The Stationery Office; 2006.
2.       Saez-Llorens X, McCracken GH Jr. Bacterial meningitis in 

children. Lancet. 2003;361(9375):2139–48. doi: 10.1016/S0140-
6736(03)13693-8. [PubMed: 12826449]

3.       Singleton R, Hammitt L, Hennessy T, Bulkow L, DeByle C, Parkin-
son A, et al. The Alaska Haemophilus influenzae type b experi-
ence: lessons in controlling a vaccine-preventable disease. Pedi-
atrics. 2006;118(2):e421–9. doi: 10.1542/peds.2006-0287. [PubMed: 
16882783]

4.       Kasturi KKKRL, Nawaz B. Molecular modeling and structure 
based validation of H. influenzae KW20 RD proteins. Res J Pharm 
Biol Chem Sci. 2011;2(2):665.

5.       Elliott JA, Pigott N, Cochi SL, Facklam RR. Major subtypes of inva-
sive Haemophilus influenzae from 1983 to 1985 in Atlanta, Ga. J 
Clin Microbiol. 1990;28(5):833–6. [PubMed: 2191007]

6.       Nakane PK, Kawaoi A. Peroxidase-labeled antibody. A new meth-
od of conjugation. J Histochem Cytochem. 1974;22(12):1084–91. 
[PubMed: 4443551]

7.       Brooks G, Karen CC, Butle JS, Morse SA, Timothy AM. 
Jawetz,Melnik,Adelberg's medical microbiology. 25 ed. 2010. pp. 
161–258.

8.       Bisgard KM, Kao A, Leake J, Strebel PM, Perkins BA, Wharton M. 
Haemophilus influenzae invasive disease in the United States, 
1994-1995: near disappearance of a vaccine-preventable child-
hood disease. Emerg Infect Dis. 1998;4(2):229–37. doi: 10.3201/
eid0402.980210. [PubMed: 9621193]

9.       Centers for Disease C, Prevention. Progress toward elimination 
of Haemophilus influenzae type b invasive disease among in-
fants and children--United States, 1998-2000. MMWR Morb Mortal 
Wkly Rep. 2002;51(11):234–7. [PubMed: 11925021]

10.       Burns TI. Haemophilus influenza type b (Hib) 
prevention:facilitators answer key. Association for prevention 
teaching and research centers for disease control and preven-
tion. J Fam Pract Publication. 2011;2(56):2–15.

11.       Nojoomi F, Siadat SD, Salmanian AH, Khoramabadi N. Improve-
ment of Large-scale PRP production by Haemophilus influ-
enzae typeb, using modified CY medium. J Fasa Univ Med Sci. 
2012;1(4):182–6.

12.       Schneerson R, Rodrigues LP, Parke JC Jr, Robbins JB. Immunity 
to disease caused by Hemophilus influenzae type b. II. Specific-
ity and some biologic characteristics of "natural," infection-ac-
quired, and immunization-induced antibodies to the capsular 
polysaccharide of Hemophilus influenzae type b. J Immunol. 
1971;107(4):1081–9. [PubMed: 5315273]

13.       Barra A, Schulz D, Aucouturier P, Preud'homme JL. Measure-
ment of anti-Haemophilus influenzae type b capsular polysac-
charide antibodies by ELISA. J Immunol Methods. 1988;115(1):111–7. 
[PubMed: 3263997]

14.       Merritt J, Allard G, O’Toole L, Swartz R, Licari P. Development 
and scale-up of a fed-batch process for the production of capsu-
lar polysaccharide from Haemophilus influenzae. J Biotechnol. 
2000;81(2):189–97. [PubMed: 10989178]

15.       Dahlberg T, Branefors P. Enzyme-linked immunosorbent assay 
for titration of Haemophilus influenzae capsular and O antigen 
antibodies. J Clin Microbiol. 1980;12(2):185–92. [PubMed: 7014605]

16.       Madore DV, Anderson P, Baxter BD, Carlone GM, Edwards KM, 
Hamilton RG, et al. Interlaboratory study evaluating quantita-
tion of antibodies to Haemophilus influenzae type b polysac-
charide by enzyme-linked immunosorbent assay. Clin Diagn Lab 



Mousavi SF et al.

Jundishapur J Microbiol. 2016; 9(5):e306296

Immunol. 1996;3(1):84–8. [PubMed: 8770509]
17.       Wetherall BL, Hallsworth PG, McDonald PJ. Enzyme-linked immu-

nosorbent assay for detection of Haemophilus influenzae type b 
antigen. J Clin Microbiol. 1980;11(6):573–8. [PubMed: 7000809]

18.       Hu H, He L, Hu Y, Jiang M, Yao K, Yang Y. Detection of Haemophi-
lus influenzae type B DNA in a murine pneumonia model by 
in situ PCR. J Med Microbiol. 2008;57(Pt 10):1282–7. doi: 10.1099/
jmm.0.2008/002204-0. [PubMed: 18809559]

19.       Riera L. Detection of Haemophilus influenzae type b antigenuria 
by Bactigen and Phadebact kits. J Clin Microbiol. 1985;21(4):638–
40. [PubMed: 3872880]

20.       Torigoe H, Seki M, Yamashita Y, Sugaya A, Maeno M. Detection of 
Haemophilus influenzae by loop-mediated isothermal amplifi-
cation (LAMP) of the outer membrane protein P6 gene. Jpn J Infect 
Dis. 2007;60(1):55–8. [PubMed: 17314429]

21.       Kaplan SL, Mason EO Jr, Johnson G, Broughton RA, Hurley D, 
Parke JC Jr. Enzyme-linked immunosorbent assay for detec-
tion of capsular antibodies against Haemophilus influenzae 
type b: comparison with radioimmunoassay. J Clin Microbiol. 
1983;18(5):1201–4. [PubMed: 6605975]

22.       Jahromi AS, Rahmanian K. Natural immunity to hemophilus in-
fluenza type b in children, south of Iran: need for vaccination. 
Pak J Biol Sci. 2012;15(3):160–3. [PubMed: 22866548]

23.       Mohammadi M, Talebkhan Y, Khalili G, Mahboudi F, Massarrat S, Za-
maninia L, et al. Advantage of using a home-made ELISA kit for de-
tection of Helicobacter pylori infection over commercially import-
ed kits. Indian J Med Microbiol. 2008;26(2):127–31. [PubMed: 18445947]

24.       Jalallou N, Bandehpour M, Khazan H, Haghighi A, Kazemi B. 
Evaluation of Recombinant SAG1 Protein for Detection of Toxo-

plasma gondii Specific Immunoglobulin M by ELISA Test. Iran J 
Parasitol. 2012;7(4):17–21. [PubMed: 23323087]

25.       Arsang A, Yari S, Masoumi M, Neamatollahi AN, Vaziri F, Nejati 
M, et al. Extraction and Purification of Haemophilus influenzae 
Type b Lipooligosaccharide by Modified Phenol Method. Vac Res. 
2014;1(1):28-30.

26.       Ramesh Kumar K, Xiavour S, Latha S, Kumar V. Sukumaran (2014) 
Anti-Human IgG-Horseradish Peroxidase Conjugate Prepara-
tion and its Use in ELISA and Western Blotting Experiments. J 
Chromatograph Separat Techniq. 2014;5(211):2. doi:10.4172/2157-
7064.1000211.

27.       Nix EB, Hawdon N, Gravelle S, Biman B, Brigden M, Malik S, et al. 
Risk of invasive Haemophilus influenzae type b (Hib) disease 
in adults with secondary immunodeficiency in the post-Hib 
vaccine era. Clin Vaccine Immunol. 2012;19(5):766–71. doi: 10.1128/
CVI.05675-11. [PubMed: 22398246]

28.       Basu A, Rangari K, Shrivastav TG. Periodate method for the prepa-
ration of steroids enzyme conjugate for enzyme immunoassays. 
Health Popul. 2005;28:205–14.

29.       Crowther RJ. In: The ELISA Guidebook. John M. Walker, editor. 
Austria: The International Atomic Energy Agency; 2002. pp. 83–4.

30.       Botuş D, Oncescu T. Optimizing immunoenzymatic reactions 
(ELISA) for the detection of antibody against NDV virus. Chimie. 
2006;2:33–41.

31.       Liu FP, Liu JC, Wang DW. Comparison of homemade and imported 
HbsAg ELISA kits on screening blood samples.   Zhonghua Shi Yan 
He Lin Chuang Bing Du Xue Za Zhi. [in Chinese]. 2006;20(2):84-6. 
[PubMed: 16816873]


