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Vaccine elicited HIV-1 specific potent and cross-
reactive neutralizing humoral immunity may provide protection 

against acquisition of HIV-1. Several studies have focussed on a better 
understanding of cross-reactive neutralizing activity (CrNA) in natural 

infection, but only in homosexual and heterosexual HIV-1 transmission cases. 
The prevalence and characteristics of CrNA in injecting drug users (IDUs) re-

main to be established. 
To analyze the prevalence and characteristics of CrNA in HIV-1 infected individu-

als who reported injecting drug use as the only risk factor, we screened serum 
samples from 50 male and 35 female participants of the Amsterdam Cohort Stud-
ies (ACS) on injecting drug users (IDU) for CrNA across a heterologous 6-viral panel. 
For comparison, similar data from the ACS on men who have sex with men (MSM) 
were available.
HIV-1 infected IDU showed significantly lower geometric mean IC50 values and a 

lower proportion of individuals that was capable of neutralizing the majority of 
viruses in the panel as compared to MSM. This difference was however no longer 
observed when women were excluded from the IDU group. Interestingly, three out 
of 50 in the male IDU population qualified as elite neutralizer as compared to 1 out 
of 299 among MSM. Multivariate analysis with viral load at setpoint, CD4+ count at 
setpoint, gender and transmission route as co-variates revealed only CD4+ count at 
setpoint as independently associated with CrNA in serum. 
CrNA prevalence and potency in HIV-1 infected IDU was lower than in MSM but 

rather than route of HIV-1 transmission or drug use itself, the lower prevalence 
could be attributed to the presence of women in the cohort. This could be 
explained by the fact that women had a higher CD4+ T cell count at setpoint, 
which was the only independent predictor for the presence of CrNA. Our 
data may implicate that the ability of an HIV-1 vaccine to elicit CrNA 
may be lower in women and testing for gender dependent fu-
ture vaccine efficacy may be recommended.  
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Cross-reactive neutralizing activity in injecting drug users

IntroductIon

During HIV-1 infection, neutralizing antibodies are formed within the first three 
months of infection 1,2. Most of these antibodies are however strain specific and the 
autologous virus can rapidly escape from this neutralization. Cross-reactive neutralizing 
activity (CrNA) develops within 1-3 years post-infection but only in about 10 – 30% of HIV-
1 infected individuals, as has been described for different cohorts 3-8. CrNA is defined as 
the ability to neutralize various heterologous viruses from different subtypes. About 1% 
of HIV-1 infected individuals fulfill the definition of “elite neutralizer” which are HIV-1 
infected individuals with an unusually potent CrNA against a majority of HIV-1 subtypes 
7. Although CrNA does not protect from disease progression, in several nonhuman 
primate studies, passive transfer of known cross-reactive neutralizing antibodies could 
completely block infection by a chimeric simian-human immunodeficiency virus (SHIV) 
9-12. A vaccine should therefore be capable of eliciting this type of neutralizing activity in 
order to provide full protection against HIV-1 acquisition 13-15.

The most predictable clinical marker for the development of CrNA is a high viral load 
and a low CD4+ T cell count, especially during primary infection 4-6,16-18. History of past 
antiretroviral use, age, gender, ethnicity and human leukocyte antigen (HLA) class II 
alleles did not correlate with the development of CrNA in a previous study 4.

Most of the studies performed to identify CrNA were done in individuals who had 
become infected via homo- or heterosexual HIV-1 transmission. The prevalence of CrNA 
in injecting drug users (IDUs) remains to be established. This is relevant as another 
route of HIV-1 exposure, as well as the immuno-modulatory effect of drug use 19-21 may 
influence the development of CrNA, potentially also after vaccination. Furthermore, 
women have been shown to have higher CD4+ T cell counts at seroconversion 22, which 
might influence the formation of CrNA as well. Here we studied the prevalence and 
potency of CrNA in a mixed gender cohort of HIV-1 infected individuals who reported 
injecting drug use as their only HIV-1 risk factor.  Data were compared with similar data 
previously obtained in our cohort of HIV-1 infected MSM. 

MAtErIAlS And MEtHodS

Study population and phenotype 

To analyze the association between the route of infection and the presence of CrNA 
in HIV-1 infected individuals, we first screened serum samples from participants of the 
Amsterdam Cohort Studies (ACS) on HIV-1 infection and AIDS for the presence of CrNA. 
The study population consisted of a total of 299 HIV-1 infected, therapy naïve men 
who have sex with men (MSM) 23(Euler et al. submitted for publication) and 85 HIV-
1 infected injecting drug users (IDUs) 24,25(50 men and 35 women). Participants were 
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eligible to participate in our present study when they were therapy naïve and when 
a serum sample was available at a median of  ~35 months post seroconversion (34 
months post-SC, range, 21–37 months) for MSM and on average 36 months (range, 23–
55 months) post imputed or documented date of SC for IDUs. CrNA in serum is generally 
detectable around two to four years after seroconversion 3-7,18. Sera were screened for 
neutralizing activity on a panel of 6 viruses and the geometric mean IC50 titer (GMT) 
across this panel was calculated [median IC50= 64 (range 20-978)] 7. 

u87/Pseudovirus assay for testing of HIV-1 cross-reactive neutralizing activ-
ity in serum

Data on HIV-1 neutralizing activity in serum for MSM were available from our 
previous studies (n=299) 5,16(Euler et al. submitted for publication) and newly generated 
for the IDUs. In short; sera were tested for cross-reactive neutralizing activity (CrNA) in 
a pseudovirus assay involving six tier two viruses in a single round of viral infection as 
developed by Monogram Biosciences. This six viral panel covered 93% of the variation 
in neutralization of a larger pseudovirus panel (n=15) 7. Previously we have shown that 
classification of CrNA in patient serum samples as determined on an independent 23 
viral panel or on the smaller six viral panel used in this study, was highly correlated 
(Spearman r=0.91, P<0.0001) 5. The geometric IC50 value across the 6 viral panel was 
calculated per patient and ranked according to neutralization titer. 

Statistical analysis

Differences in GMT values between the IDU and MSM population, as well as the 
female and male populations were calculated with a Mann-Whitney test as performed 
in GraphPad prism 4 (GraphPad Software, La Jolla, California, USA). A multivariate 
regression analysis was performed on both the IDU and MSM cohort with the logarithmic 
transformed GMT as dependent factor and mode of transmission, gender, viral load at 
setpoint and CD4+ T cell count at setpoint as potential predictors. The effect of a low 
(GMT < 100) and high (GMT > 100) CrNA titer on disease progression was analysed 
in a Kaplan-Meier and Cox proportional hazard analysis using clinical AIDS (1993 CDC 
definition) as endpoint.  These analyses were performed in SPSS 16 software package. 
P-values < 0.05 were considered significant. 
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Cross-reactive neutralizing activity in injecting drug users

rESultS

Cross-reactive neutralizing activity in injecting drug users and men who have 
sex with men.

The prevalence and potency of CrNA was first determined in our IDU cohort. 
Potency of CrNA was determined with the GMT values across the 6-virus panel. GMTs 
across the panel of six viruses were strongly correlated with both the number of viruses 
neutralized (Spearman r = 0.85, P < 0.001) as well as the number of viruses that were 
neutralized with neutralization titers higher than 100 (Spearman r = 0.92, P < 0.001). 

Sera of 18% of the individuals were able to neutralize ≥ 4 viruses of the 6-virus 
panel, at IC50 titers > 100. This prevalence was lower as compared to the prevalence in 
MSM where 27% of individuals had CrNA. Interestingly, the IDU cohort had three elite 
neutralizers with a GMT in serum > 500 (GMT range 510-978) 7, out of the total of 85 
individuals (3.5%) as compared to only one individual (0.3%) with a GMT of 754 among 
the MSM (p = 0.035, Fisher’s exact test).

IDUs had an abnormal distribution of GMT, with few outliers at the top of the range 
[median IC50= 41 (range 20-978)], whereas HIV-1 infected MSM had a more normal 
distribution of the GMT [median IC50= 68 (range 20-782)]. Infected IDU had a significantly 
lower geometric mean IC50 value as compared to MSM (P = 0.0009) (Fig.1a). Also for 
the individual viruses within the panel, MSM had higher average titers for 4 out of the 
6 viruses (data not shown). 

As the IDU cohort is a mixed-gender population, we repeated our analyses after 
exclusion of women (n=35) from the study population, which allowed a comparison 
of only the men of both the IDU (n=50) and MSM population (n=299) (Fig.1B). After 
exclusion of women, the difference in GMT and prevalence of CrNA between the IDU 
and MSM populations was lost. This suggested that women were likely to determine 
the observed differences between IDU and MSM. Therefore, we wanted to compare 
GMT between all men (N=349) and women (n=35) irrespective of the route of HIV-
1 transmission (Fig.1C). HIV-1 infected men had a higher GMT in serum than HIV-1 
infected women (P = 0.0008). However, within the IDU cohort, the GMT between men 
and women was not significantly different (Fig.1D), however a similar trend, a lower 
GMT in women, was observed. 
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Figure 1: The potency of Crna in the HIV-1 infected MSM and IDu populations
Serum samples from men who have sex with men (MSM) (n=299) and injecting drug users 
(IDUs) (n=85) from the Amsterdam Cohort Studies (ACS) on HIV-1 infection and AIDS screened 
for the capability to neutralize viruses from different HIV-1 subtypes in a 6-viral panel. A) Each 
dot represents one individual’s geometric mean IC50 titer (GMT) across the 6-viral panel for both 
the IDU (black) and MSM (gray) population. B) Same as A, but after the exclusion of women. C) 
GMT between the male (gray) and female (black) population, irrespective of the route of HIV-1 
transmission. D) Same as C, but only within the IDU cohort. Differences between the different 
populations were determined using a Mann-Whitney t-test and P-values are shown. Horizontal 
bars represent the median value per group. IC50, 50% inhibitory concentration. 
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Clinical factors associated with cross-reactive neutralizing activity

A high viral load at setpoint and a low CD4+ T cell count, especially during primary 
infection, are the strongest predictors for the development of CrNA in studies reported 
to date 4,5,16-18. Here we analyzed the association between the CD4+ T cell count and the 
viral load at setpoint and the development of CrNA within the MSM cohort and the 
IDU cohort. Mean CD4+ T cell counts and mean viral load were similar between the two 
cohorts (data not shown). 

In the MSM cohort we could confirm a negative correlation between the CD4+ T 
cell count at set point (+/- 18 months post SC) (Spearman r = -0.24, P < 0.001) and the 
development of CrNA and a positive correlation between the viral load at set point 
and the development of CrNA (Spearman r = 0.14, P = 0.014). However in the IDU 
cohort, only a trend was observed between the CD4+ T cell count at setpoint and the 
development of CrNA (Spearman r = -0.20, P = 0.133) while no correlation between viral 
load setpoint and CrNA was observed. 

The mode of transmission, gender, viral load at setpoint and CD4+ T cell count at 
setpoint were all significantly associated with the potency of CrNA as described above. 
To determine whether these parameters were independently associated with CrNA 
potency, we performed a multivariate model analysis on the combined IDU and MSM 
cohorts using all parameters as covariates.  Under the multivariate model, CD4+ T cell 
count at setpoint was the only independent variable that was associated with CrNA (P 
= 0.02). In line with this we indeed observed that women had higher mean CD4+ T cell 
counts (data not shown)

 CrNA has previously been shown to have no effect on disease progression in this 
MSM cohort 5. Individuals in the IDU cohort with a GMT > 100 (n = 67) had a similar 
time to AIDS’93 as compared to IDU with a GMT < 100 (n = 18) (P = 0.57) (data not 
shown), indicating that also in IDU, CrNA had no protective effect on the clinical course 
of infection.
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dIScuSSIon

In this study we have shown that individuals infected with HIV-1 via injecting drug 
use had lower potency of CrNA than the HIV-1 infected MSM population. This effect can 
be explained by the presence of women in the IDU cohort, who were shown to have a 
lower prevalence and potency of CrNA as compared to men in both the MSM and IDU 
cohorts. The MSM and IDU cohorts are similar with respect to calendar period in which 
participants became infected (1982 – 1997), and subtype B as the only HIV-1 clade. 
Moreover, there were no significant differences in age, disease course 26, CD4+ T cell 
count and viral load at set point. 

Recreational drugs have been shown to have various immune-modulating properties 
depending on the frequency and type of drug used 19,20.  It has been suggested that 
endogenous opioids can suppress B cell proliferation 21 and we can therefore not 
exclude the suppressive or activating effects these drugs can have on priming of B cells. 

A previous study on clinical variables that associate with CrNA did not show a 
difference in CrNA prevalence that was associated with gender of the infected individual 
4. In our present study we had no women who acquired HIV-1 through sexual contact 
and we therefore cannot exclude heterosexual transmission as a confounder. 

The most predictable clinical marker for the development of CrNA is a high viral 
load and a reduced CD4+ T cell count, especially during primary infection 4,5,16-18. The 
overall CD4+ T cell count and viral load at set point of the MSM and IDU population were 
similar, however within the IDU population we did not observe a correlation between 
either the CD4+ T cell count or viral load at setpoint and the development of CrNA.  
Nevertheless, in both cohorts, both viral load and CD4+ T cell count at setpoint were 
strongly associated with GMT. 

Moreover, the strongest predictor for the presence of CrNA in both the MSM and 
IDU cohorts was the CD4+ T cell count at setpoint. Within the IDU cohort women had 
a higher CD4+ T cell count than men. It has previously been shown that both IDU and 
women have a higher CD4+ T cell count at SC as compared to MSM 22, which could 
ultimately explain the lower prevalence of CrNA in women.

Interestingly the IDU population had a higher proportion of elite neutralizers. As viral 
diversity has shown to be associated with CrNA 27, multivariate transmission (MVT) may 
have an effect on the development of CrNA. In a macaque study, intravenous infection 
was shown to give a higher degree of virus heterogeneity than sexual transmission 28. In 
two different IDU cohorts, MVT varied between 30% and 60% 29,30 as compared to 38% 
MVT in MSM 31. MVT may introduce a quasispecies with higher genetic variability, as 
up to 16 transmitted virions have been found to be responsible for productive infection 
in IDU 29. Within this IDU population the early sequence diversity and possible dual 
infections are unknown and we therefore can not speculate whether this may or may 
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not lead to lower GMT values and higher percentage of elite neutralizers, while it is 
tempting to speculate that the elite neutralizers may be dually or super infected.

We and others have shown previously that CrNA did not have an effect on disease 
progression in MSM or heterosexually transmitted women 5,16,17,27. Here we show that 
CrNA also did not have a protective effect in IDU. 

In conclusion, we have found that individuals infected via HIV-1 contaminated needles 
had general lower CrNA titers than HIV-1 infected MSM. However, this difference was 
mainly due to the women in this cohort who had a higher CD4+ T cell count at setpoint.  
These data may imply that the efficacy of future HIV-1 vaccine candidates may be 
different in men and women. Testing of vaccine candidates in different risk populations 
should therefore continuously be encouraged. 
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