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Abstract:

Accurate staging of acute and early HIV infection is  critical  for patient management and public health.  Fiebig stage VI is  heteroge-

neous, and no clear endpoint distinguishes recent from early chronic infection. We evaluated antibodies against two HIV-1 Pol pro-

teins integrase (P31) and reverse transcriptase (P66) using high-sensitivity indirect and sandwich ELISA assays in 385 HIV-positive

serum samples. Anti-P31 antibodies were detected in 383 samples (99.4%) and anti-P66 in 368 samples (96%), with early or low-avidi-

ty responses identified only by sandwich ELISA. Based on these results, Fiebig stage VI was subdivided into VI-a (P31-positive only)

and VI-b (P31- and P66-positive), allowing improved discrimination between recent and early chronic infection. This refined staging

approach may enhance early diagnosis, guide treatment decisions, and improve epidemiologic monitoring of HIV transmission. The

failure to diagnose acute HIV infection represents an important public health problem. The current stratification of acute and early

HIV infection is based on a staging algorithm of Fiebig and colleagues. Information is limited on sensitive immunoassay testing would

allow further characterization of samples that groups on Fiebig stage VI for better characterization stage VI as representing recent ver-

sus early chronic of HIV infection, we evaluated antibodies to two major HIV-1 Pol products, P31 and P66, by high sensitive sandwich

ELISA method in 385 serum of individuals infected with HIV. we demonstrate the utility of the ELISA as a sensitive method would al-

low improved stages for Fiebig V–VI stages and define seven stages for representing recent versus early chronic of HIV infection. So

that final stage VI divided into two subgroups as stage VI-a and VI-b that in stage VI-a, ELISA positive for one of the Pol antigens

(p31) and in stage VI-b full WB reactivity including a p31 band and ELISA positive for Pol (P31, P66) antigens. Regarding the result

and considering  that  most  of  three  main  coding  regions  of  HIV genome,  gag,  pol  and env  proteins  are  immunogenic,  It  would  be

define seven stages for representing recent versus early chronic of HIV infection.
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Introduction

Acute  HIV  infection  is  typically  defined  as  the

time from virus entry to completion of seroconversion. Ear-

ly-stage HIV infection is  less well  defined but generally re-

fers to the interval between seroconversion and the establish-

ment of the virus load (VL) set point, which usually occurs

6–12  months  after  infection.  The  magnitude  of  the  VL  set

point is prognostic for disease progression [1]. Early recog-

nition and diagnosis of acute HIV infection can provide im-

portant benefits on the individual level,  because the poten-

tial for early initiation of treatment may allow for preserved

immune  system  control  of  the  virus,  and  on  the  public

health  level,  because  the  risk  of  transmission  may  be  de-

creased. The decision to initiate therapy must involve care-

ful  consideration  of  potential  risks  and  benefits  on  a  case-

by-case basis [2, 3]. The failure to diagnose acute HIV infec-

tion  represents  an  important  public  health  problem.  Per-

sons  with  primary  infection  may  be  up  to  10  times  more

likely to transmit HIV per sex act than are individuals with

established  infection  [4]  and  secondary  transmission  from

recently  infected  persons  likely  contributes  to  a  significant

proportion of overall HIV transmission [5-7]. The term “pri-

mary HIV infection” refers to the overall time period from

HIV  exposure  to  establishment  of  the  VL  set  point.  Based

on the outcome of serological testing for HIV, primary HIV

has  been  divided  into  two  distinct  phases,  namely  acute

HIV infection and early HIV infection. Acute HIV infection

is  defined  as  the  time  from  initial  exposure  to  the  HIV

virus,  to  the  first  detection  of  anti-HIV  antibodies,  which

typically  occurs three to four weeks later.  Early HIV infec-

tion refers to the time period immediately after the appear-

ance  of  anti-HIV  antibodies,  until  the  VL  set-point  is

achieved,  which  typically  occurs  approximately  five  to  six

months post-infection [8-11].

Antibody reactivity against the different virus anti-

gens tested is crucial for staging acute and early infections.

The  current  stratification of  acute  and early  HIV infection

is based on a staging algorithm published by Fiebig and col-

leagues  in  2003  [12]  [Figure.1].  Acute  and  early  infection

was classified with stage I: HIV RNA positive only; stage II:

RNA and p24 antigen tests positive but antibody EIA non-

reactive  and  WB  negative;  stage  III/IV:  RNA,  p24  antigen

and  Abs  positive  but  WB  negative  (III)  or  indeterminate

(IV); stage V: reactive WB pattern, with no p31 (integrase)

reactivity,  and  stage  VI  full  WB  reactivity  including  a  p31

band. Stages I to V were considered as acute HIV infection

and stage VI − as early chronic infection [13]. Fiebig stages

are used to classify the progress of HIV infection, particular-

ly  in  its  early  stages,  which  is  relevant  to  cure  because  nu-

merous  studies  strongly  suggest  that  eradication  is  easier

the earlier it  is undertaken. The projected duration of each

of stages I–IV is relatively brief, lasting on average only 3–5

days,  whereas  stage  V  (positive  Western  blot  without  p31

band) is estimated to last 69.5 days on average [14]. Patients

can be categorized into Fiebig stages I–VI, which are based

on a sequential  gain in positive HIV clinical  diagnostic  as-

says (viral  RNA measured by PCR, p24 and p31 viral  anti-

gens  measured  by  ELISA  ,  HIV  specific  antibody  detected

by ELISA and HIV specific  antibodies  detected by western

blot). Patients progress from acute infection through to the

early chronic stage of infection at the end of Fiebig stage V,

approximately  100  days  following  infection,  as  the  plasma

VL  begins  to  plateau  [15].  Fiebig  et  al  [13]  explained  that

the  incorporation  of  sensitive/less  sensitive  EIA  testing

would allow further characterization of stage VI samples as

representing  recent  versus  early  chronic  infection  and  no

endpoint was defined for the final stage VI, characterized by

a full Western blot pattern. Other study also shown that in-

fection  occurred  within  versus  beyond  approximately  6

months from antibody seroconversion by an IgM sensitive

EIA [16].

In terms of diagnostic tests, HIV infection is identi-

fied  through  assays  that  target  viral  antigens,  such  as  p24,

p17,  and  p31,  as  well  as  the  envelope  glycoproteins  gp120

and gp41. Although strong antibody responses are generat-

ed  to  the  gp120  and  gp41  envelope  glycoproteins  and  the

core/matrix proteins p24 and p17, encoded by the env and

gag  genes  [17],  Notably,  the  p31  and  p66  proteins,  which

are  encoded  by  the  HIV  pol  gene,  have  been  shown  to  be

highly reactive in serum samples from HIV-positive individ-

uals,  with  p66  showing  a  higher  seropositivity  rate  com-

pared  to  other  antigens,  such  as  gp41  [18,  19].  These  pro-

teins  may be particularly  useful  for  distinguishing between

different  stages  of  infection.  Recent  studies  have  suggested

that  the  pol  antibodies  (specifically  against  p31  and  p66)

may  serve  as  important  predictors  for  seroconversion  and

could be used to better characterize stage VI. While the Fie-
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big  staging  system  is  effective  in  tracking  early  HIV  infec-

tion,  further  refinement  is  needed,  particularly  in  distin-

guishing recent HIV infection from early chronic infection.

Current testing methods, such as Western blot (WB) and re-

combinant  immunoblot  assay  (RIBA),  though  accurate,

have  limitations  in  sensitivity  and accuracy,  particularly  in

the early stages of infection [19-21].

Comparing  between  RIBA  and  WB  revealed  that

RIBA had similar specificity but lower indeterminate results

to WB. Since Due to WB and/or RIBA is a test based on in-

direct  immunoassay  and  recognizes  the  IgG class  not  only

these tests are low sensitivity but have low accuracy [22, 23].

This  study  aims  to  evaluate  the  reactivity  of  anti-

bodies against two HIV pol proteins (p31 and p66) using a

highly sensitive sandwich ELISA method. We will compare

these antibody responses in serum samples from individuals

at different stages of HIV infection, with a focus on distin-

guishing  between  Fiebig  stages  V  and  VI.  Our  goal  is  to

refine the characterization of stage VI by defining two sub-

categories  (VI-a  and  VI-b)  based  on  the  presence  of  anti-

bodies  against  p31  and  p66,  respectively.  This  approach

may  improve  the  diagnostic  accuracy  of  HIV  infection

stages and provide a more precise endpoint for Fiebig stage

VI.

Figure 1: Laboratory staging of HIV infection. The first four Fiebig stages are characterised by the subsequent detection of viral

RNA, p24 antigen, antibodies and a semi-positive western blot (some, but not all bands are present). (12).

Materials and Methods

Study Subjects

Three  hundred  eighty-five  HIV  seropositive  and

four hundred eighty-nine HIV seronegative serum samples

were  obtained  from  Iranian  individuals  who  were  referred

to Behavioral Diseases Consultation Centers in Tehran and

Alborz. The HIV-positive status of all seropositive individu-

als  was  confirmed  using  a  commercial  4th  generation

ELISA kit and Western blot tests at a reference laboratory.

Cloning,  Expression,  and  Purification  of  HIV  Pol
Protein

We previously described the production, purifica-

tion, and immunoreactivity evaluation of recombinant HIV

P31 [24-25]. For cloning, expression, and purification of the

p66  reverse  transcriptase/RNase  H  protein,  a  total  of  22

HIV-1  reverse  transcriptase  (RT)  coding  sequences  from

the  predominant  circulating  strain  CRF35AD in  Iran  were

retrieved  from  the  Los  Alamos  HIV  sequence  database

(HIV  Sequence  Database,  Los  Alamos  National  Laborato-

ry). A consensus amino acid sequence was derived from th-
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ese records, reverse-translated, and codon-optimized for E.

coli expression.

Labeling of HIV-P31 and P66

The  purified  antigens  (P31  and/or  P66)  were  la-

beled with horseradish peroxidase (HRP) following the pro-

cedure  outlined  by  Wilson  and  Nakane  [26].  Commercial

HRP  powder  (Sigma,  Germany)  was  dissolved  in  100  mM

sodium acetate buffer (pH 4.4) to a final concentration of 5

mg/ml.  Freshly  prepared  sodium  periodate  (NaIO4)  was

added to the antigen solution to a final concentration of 20

mM,  and  the  mixture  was  incubated  for  20  minutes.  The

oxidized HRP was separated from NaIO4 by dialysis against

0.1 M carbonate-bicarbonate buffer (pH 9.5). Following the

addition  of  sodium  borohydride  (NaB3H4),  the  mixture

was  incubated  at  4°C  for  2  hours.  The  labeled  P31  and/or

P66  were  separated  from  unreacted  material  by  gel  filtra-

tion.  The  final  HRP-conjugated  antigens  were  mixed  with

an equal volume of glycerin and stored at -20°C.

Indirect  ELISA  For  Igg  Antibodies  to  HIV-P31
and/or  P66

The  96-well  Maxisorp  microtiter  plates  (Nunc,

Roskilde,  Denmark) were coated with 5 μg/ml of  recombi-

nant P31 and/or P66 in coating buffer (0.1 M carbonate-bi-

carbonate buffer, pH 9.6) and incubated overnight at room

temperature.  The  plates  were  then washed four  times  with

PBS containing 0.05% Tween-20 (PBS-T) and blocked with

1% BSA in PBS for 1 hour at room temperature. HIV-posi-

tive serum (1:100 dilutions) was incubated in the antigen--

coated wells for 1 hour at 37°C. After washing, 100 μl of an-

ti-human-IgG-HRP conjugate (Sigma Aldrich, St. Louis, US-

A) was added to each well  and incubated for another hour

at 37°C. After a final wash, 100 μl of TMB substrate was add-

ed, and the plate was incubated at room temperature for 15

minutes.  The enzymatic  reaction was  stopped by the  addi-

tion  of  50  μl  of  2  M H2SO4,  and the  optical  density  (OD)

was measured at 450 nm.

Double  Antigen  Sandwich  ELISA  for  Total  Anti-
bodies  to  HIV-P31  and/or  P66

Microtiter  plates  were  coated  with  recombinant

P31 and/or P66 antigens for the detection of total anti-HIV

antibodies.  Serum  samples  from  HIV-positive  individuals

were diluted 1:10, and 100 μl of the diluted serum was add-

ed to  the  antigen-coated wells  and incubated for  1  hour at

37°C. After washing, 100 μl of HRP-conjugated P31 and/or

P66, prepared in sample diluent, was added to each well and

incubated  for  an  additional  1  hour  at  37°C.  Plates  were

washed again as described above, and 100 μl of TMB subs-

trate was added to each well  and incubated for 15 minutes

at  room temperature.  The  reaction  was  stopped  by  adding

50 μl of 2 M H₂SO₄, and the optical density (OD) was mea-

sured at 450 nm.

Cut-Off Value Measure

We  used  arbitrary  methods  for  cut-off  value  of

both  indirect  and  sandwich  ELISA  methods.  In  indirect

ELISA,  the  microtiter  plate  coated  with  recombinant  P31

and /or P66 were incubated with diluted of 489 HIV nega-

tive serum samples. The 16-well of plate was used for dilut-

ed pool serum of eight HIV seropositive as positive control.

After  washes,  anti-human-IgG-HRP  conjugate  was  added

to each well and optical densities were measured at 450 nm

as  described  above.  In  Sandwich  ELISA  cut-off  value  was

measured as indirect ELISA, except the plate coated with re-

combinant  antigen(s)  were  incubated  with  diluted  of  489

HIV  negative  serum  samples  and  P31-HRP  and  /  or  P66-

HRP diluted were used as conjugate.

Statistical Analysis

Linear  regression  and  analytical  sensitivity  were

used to analyze standard curve data. Specificity, sensitivity,

reproducibility, and correlation coefficients were calculated

using SPSS (version 25; Inc., Chicago). The CV was calculat-

ed  for  between-run  and  within-run  in  Microsoft  Excel

(2016).

Results

Cut-off Value

To  establish  criteria  for  the  identification  by

ELISA of sera containing antibody to P31 and/ or P66, the

variation  in  colorimetric  reactivity  of  serum  derived  from

seronegative  persons  were  assessed.  For  Cut-off  value,

serum samples from 489 seronegative, which were nonreac-

tive  by  commercial  4th  generation  HIV  ELISA  Kit,  were
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evaluated  in  the  coated  plates  with  P31  and  /  or  P66  anti-

gens  in  both  indirect  and  sandwich.  In  indirect  ELISA the

average signal (O.D) for 489 seronegative non-infected sera

was 0.112 with a range of 0.042–0.194 and a standard devia-

tion  of  0.032  and  in  sandwich  method  the  average  signal

(O.D)  was  0.  092  with  a  range  of  0.032–0.124  and  a  stan-

dard deviation of 0.024. In both Methods the average signal

(O.D)  for  eight  HIV  infected  sera  were  greater  than  3.00

that were considered equal to 3.0. We used arbitrary meth-

ods to set the cutoff value as the mean value of negative sera

+  3SD.  In  this  method  Cut-off  value  0.208  and  0.164

defined  for  Indirect  and  sandwich  methods  respectively.

The  average  signal  for  each  triplicate  was  determined  and

the  signal  to  cutoff  (S/Co)  ratio  was  calculated.  Samples

with their S/Co ratio above one were considered as positive

and those with S/Co bellow one, regarded as negative.

Screening Of HIV P31 Seropositive Sera

As  shown  in  Table  1,  383  of  the  385  samples

(99.4%)  had  an  S/Co  ratio  greater  than  1.0  in  both  assays

and  were  therefore  considered  positive  for  anti-P31  anti-

bodies. Among the 383 anti-P31–positive sera, 355 samples

showed  strong  reactivity  with  average  O.D  values  greater

than 3.00 in both ELISA formats. The remaining 28 positive

samples demonstrated lower O.D values, ranging from 0.24

to  1.94  in  the  indirect  ELISA and  from 0.53  to  2.54  in  the

sandwich ELISA.  These  lower  signals  likely  represent  early

or  low-avidity  antibody  responses.  Although  both  assays

used  plates  coated  with  recombinant  P31  antigen,  the  im-

munoglobulin  classes  detected  differed  between  the  two

methods.  The  indirect  ELISA,  which  uses  anti-human  Ig-

G-HRP, detects only IgG antibodies.  In contrast,  the sand-

wich ELISA captures all  antibody classes and subclasses, as

P31 antigens coated on the plate and HRP-labeled P31 con-

jugate bind antibodies independently of isotype.

Screening  of  HIV-Positive  Sera  for  Anti-P66  Anti-
bodies

As shown in Table 1, 368 of the 385 HIV-positive

samples  (96%)  were  seropositive  for  anti-P66  antibodies.

Three  samples  were  positive  only  by  the  sandwich  ELISA,

and  17  samples  (3.1%)  were  negative  in  both  methods.

Among these 17 seronegative samples, two were confirmed

HIV-positive  by  both  a  commercial  fourth-generation

ELISA  kit,  yet  showed  no  detectable  antibodies  to  either

P31  or  P66.  Of  the  P66-positive  samples,  351  exhibited

strong  reactivity  with  average  O.D.  values  greater  than  2.5

in both ELISA methods. The remaining 17 samples showed

discordant reactivity: 14 were positive in the indirect ELISA

with  O.D.  values  ranging  from  0.36  to  1.36,  while  all  17

were  positive  in  the  sandwich  ELISA  with  O.D  values  be-

tween  0.23  and  2.35.  The  three  samples  that  were  positive

only by the sandwich assay likely represent very early anti-

body  responses,  detectable  only  when  all  antibody  classes

are captured.

Table 1: Screening of 385 HIV Seropositive for Antibodies to p31 and p66 with Two Immunoassay Methods

Immunoassay Method P31 Positive P66 Positive P31 Negative P66 Negative

Indirect 355 351 28 2

Sandwich 355 351 28 2

Of 385 HIV-positive sera, 383 (99.4%) were anti-P31 positive. Among these, 355 samples had O.D. >3.0, while 28 had O.D. be-
tween cut-off and 3.0, indicating early antibody response or low avidity and for anti-p66 368/385 (96%) were positive antibodies.

Seventeen samples were negative in both methods, while three were positive only by sandwich ELISA, suggesting early antibody de-
velopment. Correlation between P31 and P66 responses supports their use as staging markers.

Discussion

Information  regarding  the  use  of  highly  sensitive

immunoassays  for  detailed  characterization  of  Fiebig  stage

VI remains limited. This study sought to determine whether

ELISA targeting P31 and P66 offers greater sensitivity than

Western  Blot  (WB)  for  distinguishing  Fiebig  stages  V  and

VI, and to clarify the role of these markers in differentiating

recent from early chronic HIV infection. We also aimed to

refine  the  endpoint  of  stage  VI  based  on  the  first  appear-

ance  of  anti-P31  antibodies  by  WB.  Historically,  estimates

of acute and recent HIV infection have relied on WB or RI-
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BA  banding  patterns,  often  without  confirmation  using

more sensitive assays.  Several  reports  indicate that  absence

of  the  p31,  p66,  and  p51  bands  is  increasingly  common

among individuals with suspected recent infection, support-

ing the need for more precise virologic markers.  Compari-

sons between RIBA and WB show that although their speci-

ficities are similar,  RIBA yields fewer indeterminate results

and provides clearer information on the timing of antibody

emergence.  These  findings  suggest  that  P66,  like  P31,  may

serve as a useful marker for differentiating Fiebig stages, as

characteristic indeterminate WB profiles appear at stage IV,

progress  to  full  Env  reactivity  at  stage  V,  and  finally  show

P31  positivity  at  stage  VI  [12].  The  order  in  which  WB

bands appear is closely linked to the stage of infection, and

antibodies  directed  against  pol  proteins,  particularly  P31

and  P66,  may  serve  as  indicators  of  seroconversion.  Prior

studies  have  identified  P31  as  a  potential  early  infection

marker [28–30], and our earlier work demonstrated its utili-

ty  as  a  diagnostic  antigen  [25,  26].  Consistent  with  this,

most  individuals  in  the  present  study  produced  antibodies

against P31. Because integrase (IN/P31), protease, and rev-

erse  transcriptase  (RT/P66)  are  co-translated  products  of

the HIV pol gene, early immunogenicity of these proteins is

biologically plausible and P66 has been reported to produce

higher seropositivity rates than several gag or regulatory pro-

teins and is comparable to env gp41 [17]. Given the known

structural and functional links between RT and IN, the cor-

relation between anti-P31 and anti-P66 responses observed

here  is  expected.  While  the  indirect  and  sandwich  ELISA

formats did not yield identical results, sandwich assays cap-

ture all antibody classes and subclasses, whereas indirect as-

says  detect  IgG  only.  In  this  study,  95.3%  of  P31-positive

samples were also P66-positive, and only 3.9% lacked P66 re-

activity in both assays. A small subset of samples showed dis-

cordant results, suggesting early stages of antibody matura-

tion  or  the  development  of  IgM  or  non-IgG  subclasses

against  P66.  Overall,  the  anti-P66  immunoassay  proved

both sensitive and specific, offering a practical tool for fur-

ther characterization of Fiebig stage VI samples. When com-

bined with P31 detection, these assays enhance differentia-

tion  between  Fiebig  stages  V  and  VI  and  help  identify  the

transition from recent  to  early  chronic  infection.  Based on

our  results,  we  propose  modified  definitions  for  stages

V–VI  (Table  2).

Table 2: Improved Fiebig Stage Classifications for Sub-Stages of HIV Primary Infection leading to a seven-stage model

Stage RNA (+) p24 Antigen ELISA Env
(+) WB Env ELISA Pol WB Pol ELISA Pol

(+) (+) [p31(+)/P66(-)] [p31(+)/P66(-)] [p31(+)/P66(+)

I Yes No No No No No No

II Yes Yes No No No No No

III Yes Yes Yes Yes No No No

IV Yes Yes Yes Yes No No No

V Yes Yes Yes Yes Yes No No

VI-a Yes Yes Yes Yes Yes Yes No

VI-b Yes Yes Yes Yes Yes Yes Yes

Stage I: HIV RNA positive only

Stage II: HIV RNA + p24 antigen positive

Stage III: HIV RNA, p24 antigen, and Env-specific ELISA antibodies positive

Stage IV: HIV RNA, p24 antigen, Env-positive by ELISA and WB

Stage V: HIV RNA, p24 antigen, Env-positive by ELISA and WB, but negative for pol antibodies (P31, P66)

Stage VI-a: WB positive for one pol antigen (typically P31)

Stage VI-b: Full WB reactivity with P31 band present; ELISA positive for both P31 and P66
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Stages  I–IV progress  rapidly  over  3–5 days,  while

stage V lasts approximately 70 days [14]. Progression from

stage  V  through  VI-a  to  VI-b  appears  to  reflect  sequential

maturation of antibodies to P31 and P66. Because the cata-

lytic  sites  of  pol  proteins  are  highly  conserved  across  HIV

subtypes, antibodies against these epitopes are likely consis-

tent  across  diverse  strains.  This  raises  the  possibility  that

pol-based assays, such as anti-P66, may help detect emerg-

ing variants not readily captured by standard antibody tests

[31–34].

The combined use of anti-P31 and anti-P66 assays

offers improved resolution of late acute infection, particular-

ly  where  WB  results  are  indeterminate  or  delayed.  These

findings support the refinement of Fiebig staging and high-

light  the  clinical  importance  of  pol-based  antibody  detec-

tion  for  more  accurate  identification  of  recent  HIV  infec-

tion.
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