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tein, TM) are derived. In addition to the structural proteins, the 

HIV genome codes for several regulatory proteins: Tat (transacti-

vator protein) and Rev (RNA splicing-regulator) are necessary for 

the initiation of HIV replication, while the other regulatory pro-

teins Nef (negative regulating factor), Vif (viral infectivity factor), 

Vpr (virus protein r) and Vpu (virus protein unique) have an im-

pact on viral replication, virus budding and pathogenesis (overview 

in table 1) [5, 6]. HIV-2 codes for Vpx (virus protein x) instead of 

Vpu, which is partially responsible for the reduced pathogenicity of 

HIV-2 [7]. The genome structure of the immunodeficiency viruses 

of chimpanzees (SIVcpz) and gorillas (SIVgor) is identical to that 

of HIV-1 [8].

Groups and Subtypes

HIV-1 is subdivided into the groups M, N [9], O und P [10, 11] 

(fig. 2). On the basis of phylogenetic analysis, various chimpanzee 

viruses can be allocated in between groups N and O of humans and 

SIV of gorillas (SIVgor) in group P [2, 3, 12]. It is unresolved 

whether the group P chimpanzee virus was transmitted to human 

directly from chimpanzee or from gorilla.

HIV-1 group M viruses are subdivided into subtypes A to D, F 

to H, J and K. In evolutionary terms, groups A and D seem to be 

the oldest viruses. Subtypes B and D are very closely related and 

therefore considered to be sub-subtypes. Recombinant HIV are de-

rived from various subtypes and are named CRF (circulating re-

combinant form). Approximately 20% of group M viruses belong 

to these viruses [13]. For example, the previously described HIV 

subtype E is only unique regarding the gene for the envelope pro-

tein (env), whereas all other parts of the genome are derived from 

HIV-1 M:A, and therefore has been renamed as HIV-1 M: CRF01_

AE [8]. The former subtype I is likewise a recombinant virus 

(CRF04_cpx) and therefore no longer contained in the A-K group-

ing. Up to now, more than 70 different epidemiologically stable 

CRF have been described [8, 14–16], and the development of addi-

tional CRF is to be expected.

Recombination, i.e. the exchange of entire gene sequences at 

unselected positions, is observed when a target cell is infected with 

two different HIV subtypes. Statistically, approximately 1 in 400 

1 Current Knowledge about the Pathogen

1.1 Characteristics of HIV

The human immunodeficiency virus (HIV) is grouped to the 

genus Lentivirus within the family of Retroviridae, subfamily Or-

thoretrovirinae [1]. On the basis of genetic characteristics and dif-

ferences in the viral antigens, HIV is classified into the types 1 and 

2 (HIV-1, HIV-2). The immunodeficiency viruses of non-human 

primates (simian immunodeficiency virus, SIV) are also grouped 

to the genus Lentivirus. Epidemiologic and phylogenetic analyses 

currently available imply that HIV was introduced into the human 

population around 1920 to 1940. HIV-1 evolved from non-human 

primate immunodeficiency viruses from Central African chimpan-

zees (SIVcpz) and HIV-2 from West African sooty mangabeys 

(SIVsm) [2–4]. 

1.1.1 HIV-1

Genome Structure

The HIV genome consists of two identical single-stranded RNA 

molecules that are enclosed within the core of the virus particle. 

The genome of the HIV provirus (see 1.1.3), also known as proviral 

DNA, is generated by the reverse transcription of the viral RNA 

genome into DNA, degradation of the RNA and integration of the 

double-stranded HIV DNA into the human genome. The DNA ge-

nome is flanked at both ends by LTR (long terminal repeat) se-

quences (fig. 1). The 5' LTR region codes for the promotor for tran-

scription of the viral genes. In the direction 5' to 3' the reading 

frame of the gag gene follows, encoding the proteins of the outer 

core membrane (MA, p17), the capsid protein (CA, p24), the nu-

cleocapsid (NC, p7) and a smaller, nucleic acid-stabilising protein 

(fig. 1 and 3). The gag reading frame is followed by the pol reading 

frame coding for the enzymes protease (PR, p12), reverse tran-

scriptase (RT, p51) and RNase H (p15) or RT plus RNase H (to-

gether p66) and integrase (IN, p32). Adjacent to the pol gene, the 

env reading frame follows from which the two envelope glycopro-

teins gp120 (surface protein, SU) and gp41 (transmembrane pro-
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newly produced virus particles is a recombinant [17]. Genetically 

new virus strains develop by recombination which can have a se-

lection advantage within the host, like HIV-1 M:A/G (named 

CRF02_AG) in West Africa and B/C (CRF07_BC and CRF08_BC) 

in China [12, 13]. Recombinants between different HIV-1 groups 

have been observed, for example group M subtype A and group O 

in Cameroon [18]. However, no recombination between HIV-1 

and HIV-2 has yet been found. For group O virus isolates [19, 20] a 

grouping was proposed into subtypes I to VI or A to C, respectively 

[21, 22]. However, no typical evolutionary tree like the one de-

scribed for group M viruses can be generated [23] (fig.  2). This 

points to an evolution of group O viruses that differs from that of 

Fig. 1. Structure and 

organization of the 

HIV-1 genome. Shown 

are the reading frames 

of the genes coding for 

structural and regulatory 

proteins (see table 1): 

LTR = long terminal 

 repeat; gag = group-

specific antigen; pol = 

polymerase; env = enve-

lope. In the case of the 

regulator genes, the 

proteins of tat and rev 

are composed of two 

gene  regions. In HIV-2, vpx corresponds to the vpu gene. The 5´ and 3´ LTR nucleic acid sequences are not translated into protein. The genome consists of 9,200–

9,600 nucleotides in the case of HIV-1 and approximately 9,800 nucleotides in the case of HIV-2 (drawing: Lutz Gürtler).

Table 1. Overview of HIV-1 proteins and their function

Gene Size* Protein Function

gag Pr55Gag precursor of the inner structural proteins

p24 capsid protein (CA) formation of conical capsid

p17 matrix protein (MA) myristilated protein, forming the inner membrane layer

p7 nucleoprotein (NC) formation of the nucleoprotein/RNA complex

p6 involved in virus particle release

pol Pr160GagPol precursor of the viral enzymes

p10 protease (PR) proteolytic cleavage of Gag (Pr55) and Gag-Pol (Pr160GagPol) precursor protein; release of 

structural proteins and viral enzymes

p51 reverse transcriptase (RT) transcription of HIV RNA in proviral DNA

p15 (66) RNase H degradation of viral RNA in the viral RNA/DNA replication complex 

p32 integrase (IN) integration of proviral DNA into the host genome

env PrGp160 precursor of the envelope proteins SU and TM, cleavage by cellular protease

gp120 surface glycoprotein (SU) attachment of virus to the target cell

gp41 transmembrane protein (TM) anchorage of gp120, fusion of viral and cell membrane

tat p14 transactivator protein activator of transcription of viral genes

rev p19 RNA splicing regulator regulates the export of non-spliced and partially spliced viral mRNA

nef p27 negative regulating factor myristilated protein, influence on HIV replication, enhancement of infectivity of viral  

particles, downregulation of CD4 on target cells and HLA cells on target 

vif p23 viral infectivity protein critical for infectious virus production in vivo

vpr p15 virus protein r component of virus particles, interaction with p6, facilitates virus infectivity, effect on the cell 

cycle 

vpu p16 virus protein unique efficient virus particle release, control of CD4 degradation, modulates intracellular trafficking

vpx p15 virus protein x interaction with p6 in virus particles, involved in early steps of virus replication of HIV-2,  

component of virus particles

tev p26 tat/rev protein Tat-Env-Rev fusion protein, regulates the activity of Tat and Rev in nucleus

*Numbers correspond to the size of the proteins (p) or glycoproteins (gp) in 1,000 Da. 



Human Immunodeficiency Virus (HIV) Transfus Med Hemother 2016;43:203–222 205

group M viruses after both were first transmitted to humans [4]. 

Because only approximately 15 individuals infected with group N 

[9] and 2 with group P [23] have been reported so far, a compila-

tion of a phylogenetic tree for these viruses is not indicated.

Particle Structure

The mature HIV particle is round, measures approximately 100 

nm in diameter, with an outer lipid membrane as its envelope 

(fig. 3). The envelope contains 72 knobs, composed of trimers of 

the Env proteins. The trimers of gp120 surface protein (SU) are an-

chored to the membrane by the trimers of the transmembrane pro-

tein gp41 (TM) [24]. Conformation-dependent neutralising 

epitopes are found on the gp120 protein. These are present on the 

native protein but are only partially expressed on the unfolded de-

natured protein [25]. The viral envelope is composed of a lipid bi-

layer and, in mature virus particles, the envelope proteins SU and 

TM. It covers the symmetrical outer capsid membrane which is 

formed by the matrix protein (MA, p17). The conical capsid is as-

sembled from the inner capsid protein p24 (CA) [26]. Depending 

on the section plane, the capsid appears as a cone, a ring or an el-

Fig. 2. Schema of the phylogenetic tree of human 

and simian Lentiviruses using the analysis of a pol 

region of Lentiviruses. On the right side (in red) 

HIV-1 is displayed with its groups M, N, O and P 

(dotted lines). Branching within groups M and O 

indicates the different subtypes. Groups N and P 

cannot be differentiated into subtypes. HIV-1 has 

developed from zoonotic transmission of different 

immunodeficiency viruses (SIVcpz) originating 

from chimpanzees belonging to Pan troglodytes 

troglodytes troglodytes (central chimpanzee) but not 

from Pan troglodytes schweinfurthii (eastern chim-

panzee). SIVgor of gorillas (Gorilla gorilla) is phy-

logenetically grouped to HIV-1 group P and is 

therefore not listed. HIV-2 and its groups A to H 

(in blue) coincide phylogenetically with immuno-

deficiency viruses of mangabey (smm = sooty man-

gabey monkey). The designation of additional SIVs: 

mnd = Mandril (Mandrillus sphinx); drl = Drill 

(Mandrillus leucophaeus), col = colobus monkeys (Mantled guereza, Colobus guereza), gsn = greater spot nosed monkey (Cercopithecus nictitans), mon = Mona 

monkey (Cercopithecus mona); mus = Moustached gueneon (Cercopithecus cephus); deb = De Brazza’s monkey (Cercopithecus neglectus); lho = group of L’hoesti 

monkeys (Cercopithecus l’hoesti); sun = sun tailed monkey (Cercopithecus solatus); syk = Sykes monkeys (Cercopithecus albogularis); tal = Gabon (Northern) 

 talapoin (Miopithecus oguensis); wrc = western red colobus (Procolobus badius); agm = African green monkey (Chlorocebus tantalus, C aethiops, C vervet). The 

schema of the phylogenetic tree of primate Lentiviruses (SIV, HIV) was developed according to publications by Sharp and Hahn, 2011 [3]; Santiago et al., 2005 

[32]; Aulicino et al., 2012 [110]; Aghokeng et al., 2010 [218] and Holmes et al., 1995 [219].

Fig. 3. Schematic 

view of the HIV parti-

cle, corresponding elec-

tron micrograph (right) 

and immunoblot bands 

(left). Gp = Glycopro-

tein; p = protein; SU = 

surface protein; TM = 

transmembrane pro-

tein; gp120 (precursor 

of SU and TM); RT = 

reverse transcriptase; 

IN = integrase; CA = 

capsid protein; MA = 

matrix protein; PR = 

protease; NC = nucleic 

acid binding protein; LI 

= link protein. MHCs 

(major histocompatibil-

ity complexes) are HLA 

antigens. Localisation 

of the genes coding for 

the different structural, enzyme and regulatory proteins are shown in figure 1. Table 1 summarises the function of the different proteins. Graphic Hans Gelderblom, 

Robert Koch Institute, Berlin.
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lipse in electron micrographs (fig. 3). The tapered pole of the cap-

sid is attached to the outer capsid membrane. Two identical mole-

cules of viral genomic RNA are located inside the capsid and sev-

eral molecules of the viral enzymes RT/RNase H and IN bound to 

the nucleic acid [1]. Also present in virus particles are oligopep-

tides that are generated after release from the cell during the matu-

ration of virions by proteolytic processing of the precursor proteins 

(p55, p160).

Maturation of the HIV particle takes place by cleavage of the 

Gag and Gag/Pol precursor proteins (p55, p160) into individual 

proteins at the end of the budding process and during release of 

virions from the cell. In electron microscopic investigations, loss of 

surface projections (SU trimers) as a result of shear forces – also 

known as shedding – can be observed after release [27]. Particles 

free of gp120 are no longer infective [28].

Regulatory Proteins

Tat accelerates the availability of viral RNA for virus production 

approximately 100-fold. Tat binds to the TAR sequence of viral 

RNA, but not to cellular RNA. Furthermore, Tat is able to transac-

tivate additional HIV genomes present in the cell. Tat expression is 

induced by Tat but also by cytokines such as p65 and NFκB [29].

Rev is responsible for the splicing length of the newly formed 

HIV RNAs. This enables the production of regulatory proteins 

early during replication, followed by translation of structural pro-

teins in the late stage of the replication cycle. 

Nef has a negative effect on the presentation of CD4 molecules 

on the cell surface. Therefore, the membrane of the infected cell 

becomes deficient in CD4 and cannot be superinfected by addi-

tional HIV (see below). The loss of CD4 decelerates the cellular im-

mune reaction against the infected cell. Moreover, Nef enhances 

pathogenicity in vivo and is required for the progression of the in-

fection [5]. HIV-1 Nef consists of a lower number of amino acids 

and has a higher capacity to increase the pathogenicity of HIV-1 

compared to HIV-2. 

Additional regulatory proteins are Vif, Vpr and Vpu which in-

fluence the rate of the production of virus particles [8, 30, 31].

1.1.2 HIV-2

HIV-2 is closely related to SIV-2 of mangabey monkeys in West 

Africa (SIVsmm) (fig. 2). Molecular biological methods are not ca-

pable of distinguishing HIV-2 isolates of groups A-H from isolates 

of mangabeys [32]. The evolution of HIV-1 group M in humans is 

distinct from that of HIV-1 group O and HIV-2 [33]. Additional 

primate lentiviruses were identified in a variety of African non-

human primates like African green monkeys (SIVagm), drills 

(SIVdrl), mandrill (SIVmnd), Sykes monkey (SIVsyk), Colobus 

monkeys (SIVcol) and greater spot-nosed monkey (SIVgsn), but 

none in Asian or South American monkeys (fig. 2) [12, 33–35]. So 

far, none of these viruses have been transmitted to humans to in-

duce infection chains. 

HIV-2 is morphologically indistinguishable from HIV-1 [12]. 

The HIV-2 A group is subdivided into A1 and A2 [36, 37]. Due to 

distinct differences between HIV-1 and HIV-2 in the antigenicity 

of the viral proteins and in the genome structure, HIV-2-specific 

diagnostic tools are required. NAT tests for quantification of 

HIV-2 nucleic acids have been commercially available since 2012 

[38]. As mentioned above, HIV-2 usually has a lower pathogenic 

potential than HIV-1.

1.1.3 Infection of Human Cells

The initial steps of infection of a cell are characterised by com-

plex protein-protein interactions. The surface glycoprotein gp120 of 

the mature HIV particle binds to the CD4 receptor on the host cell. 

All CD4-positive cells such as T helper cells, macrophages, dendritic 

cells and astrocytes are susceptible to HIV. After attachment to the 

CD4 molecule via the C4-domain of gp120, a conformational 

change in CD4 and gp120 occurs, opening up an additional site for 

gp120 to enable binding to the co-receptor, i.e. chemokine receptor 

5 (CCR5) or chemokine receptor 4 (CXCR4 or fusin) on the cell sur-

face [39, 40]. Binding of gp120 to CD4 and to the co-receptor trig-

gers an additional conformational change in gp120 and subse-

quently in gp41 [1, 41]. The N-terminus of gp41 is presented on the 

viral membrane, forms a channel and, due to its high hydrophobic-

ity, inserts into the plasma membrane of the target cell. Fusion of 

cell membrane and viral envelope is then completed. 

Fusion of the viral and cellular membranes leads to transloca-

tion of the viral capsid into the cytoplasm. The capsid is taken up 

by an endosome, and a change in the pH value in the phagosome 

induces the release of the capsid contents into the cytoplasm [42]. 

Activation of reverse transcriptase (RT) takes place in the cyto-

plasm. HIV RT transcribes the single-strand HIV RNA genome 

into DNA (complementary DNA or cDNA). In parallel to DNA 

synthesis, the RNA strand is degraded enzymatically by RNase H, 

followed by conversion of single-stranded cDNA into double-

stranded DNA (proviral DNA) by the DNA-dependent DNA poly-

merase activity of RT [43]. This proviral DNA is transported via 

nucleopores into the cell nucleus in the form of a complex consist-

ing of the integrase (IN) and linear or circular proviral DNA. The 

integrase then inserts at random the proviral genome into the 

human host cell genome. Integration of the proviral DNA finalises 

the HIV infection of the cell and the establishment of a persistent 

infection. 

The proviral genome can be replicated together with and as part 

of the host cell genome during cell division (latent infection which 

seems to be rare). However, after activation of infected cells the 

LTR promotor of the proviral genome can serve as attachment site 

for cellular DNA-dependent RNA polymerases and a variety of 

transcription factors initiating the synthesis of viral mRNA and 

genomic RNA. The synthesis of full-length viral mRNA is regulated 

among others by Tat and maximally accelerated by Tat (p14) [44].

The attachment of HIV to a CD4-positive cell requires around 

30 min up to 2 h, the transcription of the viral RNA genome into 

the proviral DNA is completed after approximately 6 h, and the 

integration into the host genome takes an additional 6 h. After in-

tegration, the first virus particles are detectable after approximately 

12 h; i.e. approximately 24 h after infection the first progeny vi-

ruses are released from the infected cell. Because the viral RT has 
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no proofreading activity, statistically one incorrect nucleotide per 

transcription round is incorporated into the proviral DNA. If HIV 

replication is unrestricted a daily turnover of 108-109 viral particles 

is expected, i.e. newly produced by infected cells and destroyed by 

the immune system [45–47]. Assuming a mutation rate of 1 in 104 

nucleotides per genome during one replication cycle, a broad spec-

trum of various quasispecies can therefore develop in a patient in 

the course of time. Since epitopes for neutralising antibodies are 

also affected by mutation, these quasispecies are able to continually 

evade the immune system, infect new cells and therefore maintain 

HIV production [25, 29]. Not all nucleotide changes result in the 

exchange of an amino acid. However, mutations in essential re-

gions of the structural proteins or influencing active centres of en-

zymes give rise to replication-incompetent HIV mutants. 

Infected T lymphocytes are eliminated with a half-life of 2-4 

days from the blood of an HIV-infected person by cytotoxic HIV 

components, lysis of virus-producing cells or by cytotoxic T lym-

phocytes as part of the immune response [48, 49]. Since HIV-in-

fected T helper cells are also lysed and the production of such cells 

is inhibited simultaneously, a gradual decline of T helper cells is 

observed. HIV-specific proteins like Nef and Tat are responsible 

for insufficient maturation and replacement of T helper cells [29]. 

Therefore, part of the newly produced T helper lymphocytes do 

not develop normal functions [47]. After a long-lasting HIV infec-

tion the continuous loss of T helper lymphocytes results in immu-

nodeficiency. HIV integrated into the host genome of long-lived 

cells like macrophages, astrocytes or memory T cells can persist in 

the latent stage for several years (half-life of certain target cells is 7 

years). Activation of such cells results in the production of infec-

tious HIV particles.

1.1.4 Susceptibility to Inactivation and Stability of HIV under 

Environmental Conditions 

The lipid envelope primarily characterises the stability of HIV. 

HIV is stable for several hours at a pH between 3 and 10 [50, 51]. 

HIV is sensitive against disinfectants. Treatment with 20% ethanol 

already somewhat reduces the titres of infectious virus, whereas 

HIV is efficiently inactivated within minutes by treatment with 

70% ethanol, 50% isopropanol, 4% formaldehyde or peracetic acid 

as well as strong detergents like sodium dodecyl sulphate (SDS), 

NP-40 or Triton X-100 at a concentration of 1% [50, 52]. 

HIV is stable over several hours against the influence of physical 

conditions like ultraviolet light, gamma irradiation or ultrasonic 

waves [53, 54]. In contrast to other viruses, treatment of platelet 

concentrates with UVC light reduced HIV titres only slightly [55].

Temperature-Dependent Inactivation

The half-life (t/2) of HIV in solution is approximately 30 min at 

56 ° C, 1 min at 60 ° C and less than 1 s at temperatures above 65 ° C. 

Treatment of lyophilised HIV preparations at 100 ° C (dry heat) for 

10 min inactivates HIV completely [56]. At lower temperatures 

HIV is relatively stable: t/2 is at 20 ° C approximately 9 h, at 4 ° C 

several months and below –70 ° C indefinitely. At –20 ° C, a slight 

but continuous decline in the titre of HIV occurs (reduction of the 

genomic titre by approximately 15,000 copies/year) and degrada-

tion of HIV RNA. Therefore, specimens preserved for forensic 

purposes should be stored at a temperature below –20 ° C. 

Half-Life Time in Blood and Plasma

At body temperature, t/2 of HIV is approximately 2 days [45] 

and at 4 ° C approximately 1 month. Therefore in a blood donation 

only a titre reduction of 1.5 half-lives is to be expected for a virus 

load of 100,000 (105) particles/ml at the end of the shelf life after 

storage for 6 weeks at 4 ° C. In EDTA blood and EDTA plasma HIV 

RNA appeared to be stable, and a reduction of RNA titres of < 0.5 

log10 was determined after incubation at 4 ° C for 7 days, at 25 ° C 

for 3 days and at 30 ° C for 2 days [57]. Taking into consideration 

that one human infectious dose (HID) corresponds to approxi-

mately 500–1,000 HIV particles, a small amount of transfused 

blood is sufficient to transmit an HIV infection, although excep-

tions were observed occasionally [58].

The infectivity of HIV particles in lymphocytes is variable. It 

has to be assumed that processed HIV in lymphocytes is inacti-

vated more rapidly than in plasma. Inactivation of HIV was deter-

mined in cultured cells after 2 days [47], but it has to be assumed 

that intracellular HIV will be inactivated only after incubation for 

several weeks at 4 ° C. In dendritic cells HIV can remain infectious 

for several weeks [41]. In lyophilised plasma or factor concentrates, 

HIV is stable at room temperature for years in the presence of high 

protein concentrations.

1.2 Infection and Infectious Diseases 

HIV is able to enter the body via intact mucous membranes, ec-

zematous or injured skin or mucosa and by parenteral inoculation. 

When transmitted by sexual contact, HIV attaches first to dendritic 

cells (e.g. Langerhans cells) or macrophages/monocytes; HIV using 

CCR-5 (R5 viruses) as a co-receptor is then preferentially repli-

cated [59]. HIV is taken up by macrophages and replicated [60] as 

shown for M cells in the mucosa [61]. HIV exposure to blood cells 

can result in the direct infection of T helper cells and the transmis-

sion of R5 and X4 viruses (using CXC4 receptor as a co-receptor) 

[62]. As mentioned above, 1 HID is equivalent to approximately 

500–1,000 HIV particles, with a higher dose required for infection 

via mucous membranes compared to infection via the blood-

stream, e.g. by needle stick injury. The majority of new HIV infec-

tions are still transmitted sexually. Another epidemiologically rele-

vant route is parenteral administration of drugs and also snorting 

of drugs with epistaxis. 

One to two days after infection HIV can be detected in regional 

lymphatic tissue [63] and within 5–6 days in regional lymph nodes. 

After 10–14 days post infection HIV can be detected in the whole 

body, including the nervous system. Differences in the rate of 

 dissemination of HIV in the body have been observed, depending 

on the primary target cells infected, e.g. in tonsils or in rectal 

 mucosa [64]. Within an infected organism, distinct compartments 

can be distinguished by means of virus concentration; however, no 
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correlation between virus concentrations in the different compart-

ments is obvious. HIV-relevant compartments are blood and the 

cerebrospinal and genital systems (ejaculate or vaginal secretion) 

[65, 66]. 

Transmission of HIV via blood or transplanted organs, includ-

ing bone, is possible from about days 5–6 after infection of the 

donor. Mother-to-child transmission has been demonstrated from 

the 12th week of gestation, but transmission occurs predominantly 

(>90%) in the final trimester and particularly shortly before or dur-

ing birth [67]. HIV can be transmitted via breast milk [68]. 

With the onset of the humoral immune response against HIV 

after 3–6 weeks, variable clinical symptoms can be observed in the 

majority of infected persons [5, 69], with fever, lymph node en-

largement, fatigue, malaise, rash with small, only slightly raised le-

sions and/or gastrointestinal symptoms. These symptoms are non-

specific and are also found in other viral infections such as EBV- 

and CMV-induced mononucleosis or influenza. Acute neuropathy 

is common in the acute phase. The symptoms persist for 2–6 

weeks. This initial symptomatic phase is usually followed by an 

asymptomatic phase or one with occasional symptoms which can 

last for many years. 

At the beginning of the infection virus titres of 105–109 are 

reached in the blood, in exceptional cases up to 1014 genome cop-

ies/ml are observed (fig.  4) [69]. Therefore blood donations are 

highly infectious during this phase. During the asymptomatic 

phase the viral load may drop to <102 genome copies/ml or to un-

detectable levels. However, in this phase blood and cervicovaginal 

secretions or seminal fluids of infected persons are still infectious. 

From day 11 post infection HIV RNA can be detected in blood 

[70], and after 2 weeks HIV DNA can be found in blood lympho-

cytes [71]. In leucocytes from HIV-infected long-term non-pro-

gressors (LTNP) or elite controllers [72], who have no measureable 

viraemia, proviral HIV DNA can be determined after enrichment 

and stimulation of lymphocytes [73–75].

Depending on the immune response and the test systems used, 

the commercially available antibody screening tests are able to de-

tect HIV-specific antibodies in the plasma approximately as of the 

third week post infection, typically after 4–5 weeks and in the case 

of a delayed immune response after 8 weeks (see 1.4) [70, 71]. At 

the beginning of the immune response low titres of IgM and IgG 

antibodies are detectable that are mainly directed against p24 and 

the surface glycoproteins gp120 and gp41. Subsequently, high-

avidity IgG antibodies against all HIV proteins are developed, 

 typically within 1–3 weeks. A specific T-cell response is induced 

against a variety of epitopes of HIV proteins [76].

Like in other virus infections, the early immune response leads 

to an IgM antibody response that can persist for months [5]. Part 

of the antibodies have neutralising capacity and are directed 

against the glycoproteins gp120, gp41 or the group-specific pro-

teins p24/p17 of the infecting virus. A high portion of the neutral-

ising antibodies is directed against the V3 loop of gp120. Such anti-

bodies are strain-specific and are not able to sufficiently eliminate 

all HIV quasispecies which are continuously produced in the in-

fected individual [25, 77, 78]. Under the pressure of the immune 

response, viruses with a variable V3 loop are selected. The V3 loop 

is the region of the gp120 protein (hypervariable region) in which 

high numbers of mutations are observed, resulting in amino acid 

exchanges. No serologic subtype differentiation is possible, but this 

can be achieved by determining the subtype-specific amino acid se-

quences of the C2V5 region of gp120 [8].

In the course of the HIV infection and depending on the num-

ber of CD4 cells, at first unspecific symptoms can be observed. 

These can include short episodes of fever, diarrhoea, malaise, fa-

tigue and loss of weight (symptoms of the so-called AIDS-related 

complex, ARC). When immunodeficiency progresses, usually ob-

served when the CD4 cell numbers are <300/μl, the immune re-

sponse is weakened and opportunistic infections and neoplasms 

develop. Characteristic features of an HIV infection are periods of 

good health followed by periods of illness which become more fre-

quent and longer-lasting in the course of the infection [79, 80]. 

Time to occurrence of apparent symptoms of immunodeficiency 

varies from 2 to 25 years or more (fig. 4). As mentioned above, im-

pairment of neurologic and cerebral functions can emerge at any 

stage of infection. 

Frequently occurring opportunistic pathogens are Toxoplasma 

gondii, Cryptosporidium parvum, Pneumocystis jirovecii, Myco-

bacterium tuberculosis and atypical mycobacteria, Salmonella 

spec., pneumococci, human polyomavirus JC, cytomegalovirus 

(CMV) and herpes simplex virus (HSV). Typical neoplasms ob-

served in HIV infections are Kaposi’s sarcoma associated with the 

human herpes virus type 8 (HHV-8), non-Hodgkin’s lymphomas, 

i.e. Epstein-Barr virus(EBV)-associated B-cell lymphoma and car-
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Fig. 4. Diagram of the temporal course of an 

 untreated HIV infection. The time scale is initially 

weeks (acute phase), then months and finally years 

(stages 2 and 3). The key feature of viraemia is the 

undulation after the initial uninhibited HIV repli-

cation. The CD4 cell count decreases over time 

 despite repeated recovery phases. HIV antibodies 

remain measurable for life, and the decrease of 

 antibody response in stages 2 and 3 results from 

loss of core antibodies (anti p55, p24 and p17). The 

overall interval from infection with the virus to the 

onset of AIDS may vary without therapy from 2 to 

25 years or longer. Graphic Lutz Gürtler.
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cinomas of the penis, the anus and the cervix induced by human 

papillomaviruses (HPV). Patients with HIV infections lasting for 

years develop marasmus which is a characteristic outward mani-

festation of untreated patients [5]. Concurrent infection with 

hepatitis C virus (HCV) results in faster progression of both vi-

rus-induced diseases [81–83]. Some HIV-infected patients de-

velop characteristic atrophic skin alterations or seborrhoeic ec-

zema that are visible manifestations of the HIV infection. Like-

wise at an early stage of the infection changes of the oral mucosa 

are detectable, with gingival retraction and deep periodontal le-

sions as well as hairy leucoplakia on the lateral rim of the tongue 

or on the buccal mucosa [84].

WHO and CDC classify HIV-infected individuals into catego-

ries A1–C3 on the basis of the clinical picture and the CD4 cell 

count [85]. Stage A is asymptomatic, stage B denotes the range of 

mild symptoms up to symptoms of the ARC and stage C the AIDS-

defining illness. Subdivision includes the CD4 cell count. In stage 1 

the CD4 cell count in plasma is over 500/μl, in stage 2 between 499 

and 200/μl and in stage 3 below 200/μl, respectively. 

1.3 Epidemiology 

According to present knowledge, the spread of HIV started at 

the beginning of the 20th century [4, 86]. Zoonotic transmission of 

SIVcpz from chimpanzees (Pan troglodytes troglodytes) occurred 

for HIV-1 group M and group O around 1920 and for HIV-1 

group N around 1960 [23, 33] in West Central Africa. HIV-2 was 

transmitted zoonotically from sooty mangabey (Cercocebus atys) to 

human in West Africa around 1940 [87]. Molecular genetic analy-

ses suggest that HIV-1 was exported to Haiti probably in 1966 and 

arrived in North America approximately 2 years later [4, 88]. Since 

the mid-1980s the different HIV-1 M subtypes have been spread-

ing, leading to a global pandemic. In contrast to HIV-1, HIV-2 ini-

tially remained restricted to West Africa because of its significantly 

lower infectivity. After HIV-2 was exported to Portugal and France 

probably during the mid-1960s, the spreading of HIV-2 with a low 

prevalence especially in Europe, South America and Asia is 

documented.

Globally, an estimated 35 million people were living with HIV 

in 2013 [89]. Since 1999 the number of new infections has been 

decreasing continuously, and for 2013 a number of 1.9 million 

newly infected persons was estimated. About three quarters of 

HIV-infected persons live in Sub-Saharan Africa, and also about 

two-thirds of the reported new infections originate from this re-

gion. The countries most affected by HIV with a high prevalence 

among 15- to 49-year-olds are Swaziland (approximately 27%), Le-

sotho (approximately 23%) and Botswana (approximately 23%).

1.3.1 Germany

The data on the HIV epidemic in Germany are mainly based on 

the implemented obligatory reporting system. The Robert Koch 

Institute has to be notified directly and anonymously of a con-

firmed HIV infection according to § 7 para. 3 of the Protection 

Against Infection Act (Infektionsschutzgesetz; IfSG). Reporting 

must be performed by the diagnosing laboratory (also the diagnos-

ing blood establishment). The physician submitting the specimen 

receives a copy of the reporting form. The physician is required to 

supply demographic, anamnestic and clinical data which are not 

available to the laboratory. The completed reporting form is sent 

directly to the Robert Koch Institute. To recognise multiple reports 

on the same patient in this process, an anonymity-preserving case-

based encryption is used (§ 10 para. 2 IfSG). 

For a description of the HIV epidemic, additional information 

is used which is available from the AIDS case registry, the AIDS 

and HIV fatality registry, the death statistics of the statistical offices 

of the ‘Länder’ and sales data for antiretroviral drugs from phar-

macy clearing centres.

The available surveillance instruments provide data on specific 

aspects of the HIV epidemic. Therefore, the Robert Koch Institute 

regularly generates estimations of the course of the HIV epidemic, 

taking into account the available data and information from the 

various sources. Determination of the number of new HIV infec-

tions per time unit (HIV incidence) by means of official reporting 

data is not possible because the reports of HIV diagnoses do not 

allow direct conclusions about the date of infection. HIV incidence 

and HIV prevalence cannot be measured directly but only esti-

mated by means of model projections.

At first, the estimated number of new HIV infections in all age 

groups has decreased significantly in the course of time up to the 

end of the 1990s, with peak values in the mid-1980s. From 2000 to 

around 2005 a significant increase of HIV infections was observed, 

with a plateau since 2006. The total number of 3,200 (95% CI 

3,000–3,400) new infections was estimated for 2013 showing dif-

ferences in the number of infections in different groups affected 

[90–92]. The most affected group were men who have sex with 

men (MSM) with about 75% (2,400/3,200) of the total number of 

new HIV infections in 2013. Approximately 360 women (11.3%) 

and 190 men (5.9%) contracted an HIV infection by heterosexual 

contacts in Germany (hetero-domestic). In addition, HIV infec-

tions were observed in about 300 (9.4%) intravenous drug users 

(IVD) [91]. The trends in the three main groups affected in Ger-

many proceeded differently: the first peak of infections occurred 

simultaneously in the groups of MSM and IVD in the mid-1980s. 

In the following years up to the beginning of the 1990s, the num-

ber of new HIV infections decreased significantly in both groups. 

This trend continued in the group of IVD up to 2010 with a largely 

constant low level of new infections since 2001. Also in the group 

of MSM significantly fewer infections occurred during the 1990s. 

However, in the period between 2000 and 2006 a significant in-

crease in HIV infections in MSM was observed and reached a con-

siderably higher plateau in 2006. The estimated HIV incidence in 

MSM showed the highest value in the age group of 25- to 29-year-

old men with 19 new HIV infections per 100,000 male inhabitants; 

assuming that 3% of the adult males are MSM, this value corre-

sponds to approximately 6 new infections per 1,000 MSM [91, 92]. 

The number of those infected via heterosexual contacts (hetero-

domestic) in Germany has been rising significantly slower in the 
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course of the epidemic than in the MSM and IVD groups. Since 

2005 the number of new infections in heterosexually infected 

 persons has remained on a constant level. The initial peak values 

for infections in MSM and IVD were never reached again. The 

HIV epidemic in the group of heterosexuals was mainly main-

tained by sexual contacts with IVD, MSM in Germany and abroad 

with HIV-infected persons. Autonomous heterosexual infection 

chains have a minor impact on the spread of the HIV epidemic in 

Germany.

Considering the number of reported new infections, large re-

gional differences can be observed. Especially in densely populated 

urban areas (among others Rhine-Ruhr, Rhine-Main) and major 

cities, the incidence of new diagnoses is much higher than in the 

remaining regions. The highest incidence with 15 new HIV diagno-

ses/100,000 inhabitants was determined for Cologne, Frankfurt/M. 

and Berlin [92].

In 2012, almost all newly diagnosed HIV infections were caused 

by HIV-1 and only 0.3% by HIV-2 [92]. The prevailing subtype in 

Germany is HIV-1 M:B (about 85%), like in Denmark, the Nether-

lands and Luxembourg [93].

1.3.2 Europe

In 2012, approximately 30,000 new HIV diagnoses have been 

reported by 30 countries of the European Union (EU) and the Eu-

ropean Economic Area (EEA) (table 2). Most diagnoses were re-

ported in Lithuania, Estonia, Belgium, the UK and Luxembourg 

[94]. In 2012, the ratio of men to women in the group of new infec-

tions was 3.2: 1. Since 2006 the percentage of newly diagnosed cases 

has been rather stable. However, infections for which the informa-

tion ‘sexual contacts between men’ was provided have been in-

creasing since 2006 by 11% to now 40.4%. The percentage of IVD 

with a newly diagnosed HIV infection has been decreasing over the 

same period by 7%. In Eastern Europe i.v. drug use and heterosex-

ual contacts represent the major routes of newly diagnosed infec-

tions (table 2).

The molecular epidemiologic data show that HIV-1 group M 

subtypes have different regional prevalence patterns. In Western 

Europe, as in the rest of the Western world, the infection with 

HIV-1 M:B is predominant. The prevalence of HIV-1 subtypes and 

HIV-2 in European countries reflects the historic connection of 

these countries to the corresponding endemic regions in Africa 

[12, 17, 93]. In Belgium half of the infections were caused by HIV-1 

M:A (Congo-Kinshasa origin). In England and France all subtypes 

can be found, and in Portugal and France HIV-2 circulates in addi-

tion to HIV-1 M:B and other M subtypes [23, 95]. The emergence 

of an HIV-1 epidemic with subtype M:F in Romania was unusual 

for Europe; this subtype had been imported from Angola [96]. The 

Baltic States and Eastern Europe have a high HIV-1 prevalence and 

incidence (table  2), while in Western Russia the strain HIV-1 

M:A/B (CRF03_AB) is predominant [97].

1.3.3 Africa

Africa is the continent that is affected most by HIV infections. 

About 25 million people in Africa live with HIV, about 22 million 

of whom in Sub-Saharan Africa [89]. The estimated HIV preva-

lence in Africa varies widely and lies between 0.1% in Egypt and 

Morocco and about 27% in Swaziland. Heterosexual contacts are 

the main route of infection in Africa, and sex work and sexual vio-

lence contribute significantly to the spread of the disease. Approxi-

mately one third of those infected with HIV received antiretroviral 

therapy in 2013 [89].

In Africa, all HIV-1M subtypes and HIV-2 are circulating, the 

latter especially in Guinea-Bissau, Senegal, Côte d’Ivoire and 

neighbouring countries as well as in Angola and Mocambique. In 

Southern Africa HIV-1 M:C is predominant, in West Africa HIV-1 

M:A and recombinant HIV-1 M:A/G (CRF02_AG) and in Ethiopia 

HIV-1 M:C. In Central Africa, in the so-called Congo Basin, all 

known HIV-1 subtypes are found. In countries bordering the Gulf 

of Guinea, infections with HIV-1 group O and N viruses are ob-

served [12, 23]. The two patients infected with HIV-1 group P 

come from Cameroon [11]. HIV prevalence in rural areas of Cen-

tral Africa can be as low as a few ‰ and in urban areas can reach 

values of up to 30% [98]. HIV-1 M:C is the most prevalent subtype 

worldwide with a percentage of 30–36% of all subtypes; its rapid 

spread was linked to an increased virus production in humans 

under the influence of sex hormones [99].

Table 2. Newly diagnosed HIV infections and modes of transmission in different European countries in 2012 (www.euro.who.int/__data/assets/pdf_file/ 

0018/235440/e96953.pdf)

Geographical area WHO Europe WHO Europe West WHO Europe Centre WHO Europe East EU/EEA

Number of reporting countries/countries 51/53 23/23 15/15 13/15 30/31

New HIV diagnoses reported 55,494 27,315 3,715 24,464 29,381

New HIV diagnoses/100,000 inhabitants 7.8 6.6 1.9 22 5.8

Percentage of 15- to 24-year-olds 10.3% 9.8% 15.4% 10.1% 10.6%

Proportion male/female 2.1/1 3.1/1 4.5/1 1.4/1 3.2/1

Mode of infection

Heterosexual* 45.6% 35.3% 24.6% 60.2% 33.8%

MSM 22.8% 41.7% 26.2% 1.2% 40.4%

Intravenous drug use 17.8% 5.1% 7.3% 33.6% 6.1%

Unknown 12.3% 17% 36.9% 3.2% 18.7%

*Includes persons living in the respective region originating from Sub-Saharan African countries (12%). 
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1.3.4 Asia

In Asia, about 1.7 million people are living with HIV, approxi-

mately 50% of whom receive antiretroviral therapy. The number of 

newly diagnosed HIV infections has decreased from 2001 to 2012 

by about 26%. With a generally low HIV prevalence in this region, 

Cambodia, China and India are the countries with the highest pro-

portion of new HIV diagnoses. The epidemic is concentrated in 

distinct groups with a high risk of exposure, such as MSM, sex 

workers, drug users and transsexuals [89]. In Asia, HIV prevalence 

reflects the contacts with Africa and North America. In Thailand 

HIV-1 M:A/E (CRF01_AE) has been spreading in the heterosexual 

population through sexual intercourse and HIV-1 M:B in the pop-

ulation of IVD (specific subtype Bt) [100]. In western India, the 

HIV-2 epidemic originated from the formerly Portuguese Goa 

[101]. The HIV-1 epidemic in India began with repatriates from 

Eastern and Southern Africa and was mainly caused by HIV-1 M:C 

[102]. In China, HIV-1 M:A, B, C and A/E (CRF01_AE) are ob-

served, with a distinct recombinant M:B/C subtype (CRF07_BC 

and CRF08_BC) spreading faster than the other subtypes [17, 103]. 

In China, an additional new recombinant HIV (CRF59_01B) has 

been described which emerged from the A/E (CRF01_AE) and a B 

subtype [15, 104]. This is a further indication for the continuous 

evolution of HIV-1 group M in humans.

1.3.5 Australia

In Australia, the number of new HIV diagnoses has been in-

creasing by approximately 26% since 2003 and has reached a value 

of 5.4/100,000 inhabitants in 2012. The main mode of transmission 

is sexual contact among men [105]. In Australia, the most common 

subtype is HIV-1 M:B; several additional subtypes were imported 

mainly from Asia. At the beginning of the epidemic the prevalent 

subtype B strain had a defect in Nef and a lower pathogenicity 

[106].

1.3.6 North America

About 50,000 new HIV diagnoses are reported annually in the 

USA with an estimated prevalence of 0.23% [107]. Approximately 

1.1 million people live with HIV in the USA, 25% of whom are 

women. The main route of transmission is sexual contact between 

men. About one third of all persons infected with HIV receive 

antiretroviral therapy [108].

In Canada, 2,062 new HIV infections were reported in 2012, the 

lowest number determined since introduction of the reporting sys-

tem in 1996. In Canada also, MSM represent the mainly affected 

group. The most prevalent subtype is HIV-1 M:B; additional sub-

types have been imported from Africa, Asia and South America. 

The subtype B has importance because most of the HIV test sys-

tems developed in the USA are based on subtype B viruses and 

therefore detect this HIV subtype with high sensitivity.

The number of persons infected with HIV-1 group O in the 

USA and Canada is below 20 [22, 98]. The number of HIV-2-in-

fected persons in the USA is reported to be 166 and is rising – part 

of the HIV-2-infected individuals originate from West Africa 

[109].

1.3.7 South America

In Latin America, approximately 1.3–1.9 million people are liv-

ing with HIV. In Belize, Guyana and Suriname, the estimated HIV 

prevalence is above 1% [89]. In addition to HIV-1 M:B (and espe-

cially the Brazilian subtype Bb), HIV-1 M:A, A/E (CRF01_AE), C 

and F are prevalent [96]. Further recombinants are found in Brazil 

and in neighbouring countries [16]. Two other recombinant strains 

of the subtypes B and F (CRF12_BF and CRF17_BF) are circulating 

in Argentina [110].

1.4 HIV Detection Systems 

A general distinction can be made between two principles of de-

tection: antibody and virus detection. HIV RNA can be detected in 

the blood by means of a nucleic acid test (NAT) about 11 days after 

infection. 

1.4.1 Antibodies 

HIV antibody screening tests are used for the primary diagnosis 

followed by a confirmation test in the case of a reactive result in the 

screening assay. In addition to the ELISA (enzyme linked immuno-

sorbent assay) or variants of this test system, particle agglutination 

tests are used. Approved ELISA tests contain antigens of HIV-1 

group M, particularly HIV-1 M:B, group O and HIV-2. Depending 

on the manufacturer, additional antigens derived from the reverse 

transcriptase and the p24 protein are included in the test systems 

[11, 111–113]. Depending on the immune response and the anti-

body titre, an infection can be detected serologically after 3 weeks 

but usually after 4–5 weeks [114]. In rare cases, HIV-infected indi-

viduals with complete immunosuppression might be HIV anti-

body-negative, but they have HIV-typical clinical symptoms and 

measurable virus titres in the blood [115].

Confirmatory Test (Western blot, Immunoblot)

Because ELISAs were developed also for the detection of low 

antibody levels with the highest sensitivity, false-positive results 

occur, especially when immune complexes are present in the 

serum, e.g., if individuals had been infected with other pathogens 

at the time of serum collection, were recently vaccinated or had a 

strong stimulation of the immune system. Furthermore, false-posi-

tive results were reported for individuals with autoimmune dis-

eases or allergies and for pregnant women. Mistakes in pre-test 

conditioning can lead to false-positive screening tests, e.g., in the 

case of incomplete coagulation of the test specimen.

The Immunoblot/Western blot assay was introduced in Ger-

many as serologic confirmatory tests, but these test systems have a 

lower sensitivity in the early phase of HIV infection than antibody 

screening tests or p24 antigen detection systems.

Only if the criteria for a positive Immunoblot/Western blot are 

fulfilled can the HIV infection be considered as confirmed [116]. 

But if an antibody test is reactive and a positive result for the speci-

men is obtained in the NAT with a sensitivity of >1,000 HIV ge-

nome copies/ml, the confirmatory immunoblot can be omitted and 
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the HIV-infected individual be informed about the antibody and 

NAT results, advising the patient to seek specific medical attend-

ance and treatment [116].

Since the information about a positive HIV finding has far-

reaching consequences for the infected individual, it is recom-

mended in cases of a positive result in the initial analysis to test a 

second, independently taken blood sample. In the same sample the 

amount of viral genomes (viral load) should also be determined 

using NAT in order to identify the need for antiviral treatment 

[116, 117]. 

1.4.2 Virus Detection 

Virus isolation in cell culture takes approximately 6 weeks and 

is often unsuccessful and costly. For diagnostics in blood establish-

ments virus isolation is of no relevance.

p24 Antigen

The p24 protein forms the inner capsid. Each virus particle con-

tains approximately 2,000 p24 molecules [118]. Detection of p24 

antigen is performed using a combination of polyclonal or mono-

clonal antibodies, following the principle of the sandwich ELISA 

technique. These assays enable the detection of HIV p24 with a 

sensitivity of 10 pg/ml (corresponding to about 105 virus particles/

ml of blood). p24 antigen detection tests or combined antigen/anti-

body test systems (so-called 4th generation tests) are approved and 

commercially available [114, 119]. 

Approximately 60–80% of seroconversions proceed without 

detectable p24 antigenaemia [120]. In the course of the infection, 

free or particle-bound p24 can be found in plasma. In some AIDS 

patients, high levels of p24 antigen can be observed. There is no 

direct correlation between the number of HIV particles deter-

mined by NAT and the p24 antigen concentration in plasma, be-

cause p24 is shed from infected cells without associated viral nu-

cleic acid. A positive p24 antigen test result must also be con-

firmed. Appropriate tests are blocking/neutralisation tests or 

 preferably NAT [116]. Most of the HIV-1 p24 antigen tests react 

also with the HIV-2 p25 antigen, but in some systems with re-

duced sensitivity.

Screening of blood donations for p24 protein in addition to 

HIV antibodies is not mandatory in Germany [121]. In USA the 

p24 antigen test has been replaced by NAT. The blood establish-

ments are at liberty to use combined HIV antigen/antibody tests, 

but nevertheless all donations must be tested with NAT.

NAT – Nucleic Acid Amplification Technology

Diagnosis of an HIV infection can be performed by determining 

proviral DNA in cells or of viral RNA genome in plasma. For anal-

ysis of the viral load and the presence of HIV in blood donations, 

RNA is extracted from virus particles in plasma. Genome detection 

can be done either via direct amplification of defined target se-

quences or through the use of probes with subsequent signal am-

plification. Depending on the source material, NAT enables the 

detection of 40–100 genome equivalents/ml of plasma in an indi-

vidual donation [74]. One genome equivalent (ge) equals 1.7 ± 0.1 

IU (international units, WHO HIV-1 standard) [122]. In plasma 

pools, virus particles can be concentrated, e.g., by ultracentrifuga-

tion or other methods [123]. For quality control and quantifica-

tion, standard materials are available [124–126].

NAT systems have been developed and made commercially 

available that use primers binding preferentially and stringently to 

the genome of HIV-1 M:B; therefore, with a few exceptions, viruses 

of the type HIV-1 M:B are detected with the highest sensitivity. 

The more an HIV-1 nucleic acid sequence deviates from HIV-1 

M:B, the lower the sensitivity. Depending on the test design and 

the target sequence, e.g. gag or LTR or integrase (IN), just HIV-1 of 

group M or also viruses from HIV-1 groups M, N, O and P can be 

detected [23, 127–130]. Taking into account the genetic variability 

of the HIV genome, it is advantageous and therefore has become 

compulsory for Germany in 2015 to use so-called dual-target am-

plification techniques, i.e., assays that amplify two (or more) differ-

ent regions of the HIV genome [131–133].

At present, only tests from a few manufacturers are used in 

Germany for the screening of blood donations with commercial 

NAT tests. However, since 1996 several blood establishments and 

manufacturers of plasma derivatives have developed their own 

HIV amplification assays, so-called homemade or in-house assays 

[123, 130, 134]. In case a test system is sufficiently sensitive, e.g., 

by using concentration by ultracentrifugation, testing can be per-

formed in so-called minipools of up to 92 plasma samples [71, 

123]. In order to avoid contamination of the NAT assays, fully 

automated processing systems have been established [135]. 

HIV-2 RNA can be determined by real-time polymerase chain re-

action [136]. For quantitative HIV-2 genome detection, commer-

cial tests have become available in 2012 [38]. For quality control 

and quantification, an international standard for HIV-2 has been 

developed [137].

2 Blood and Plasma Donors 

2.1 Prevalence and Incidence in Donor Populations 

In Germany, every year approximately 7.5 million blood and 

plasma donations from about 3 million donors are screened. In 

doing so, about 100 HIV infections are identified and reported to 

the Robert Koch Institute each year. The HIV prevalence among 

new donors has been largely stable since 2008 (6.4/100,000 donors 

in 2012). However, an upward trend of seroconversions was ob-

served in repeat donors from 2008 (2.6/100,000) to 2012 

(3.3/100,000) [138, 139]. This increase is almost entirely due to an 

increase in HIV infection among male repeat donors. Most of these 

donors have both a reactive antibody test and a positive NAT. 

However, every year individual donors (4 donors in 2012) are 

identified with very recent infections that are HIV genome-positive 

in the NAT but have no detectable antibody response (‘NAT only’). 

For years, the majority of HIV-infected donors were male (83%) 

and between 24 and 45 years old. Specification of a possible trans-

mission route is only available for slightly more than 40%. Almost 
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in all cases there was a sexual exposure; nearly half of the infected 

men indicated sexual contacts with men as the most likely route of 

infection. Almost all of the HIV-positive donors (MSM and heter-

osexuals) would have been deferred from blood donation on the 

base of their risk of exposure. In previous years, it was noticed that 

a significantly higher proportion of HIV-infected persons was 

found in the population of plasma donors compared to whole 

blood donors. This difference is becoming increasingly larger in 

the population of repeat donors. Whereas the HIV incidence in the 

group of repeat whole blood donors increased between 2009 and 

2012 from 1.8 to 2.8 seroconversions/100,000 donors, the inci-

dence in the group of repeat plasma donors increased from 4.7 to 

8.4 seroconversions/100,000 donors. The reasons for this increase 

are unclear. The site of plasma donation centres in cities may play a 

role as well as the higher proportion of young male plasma donors. 

The trend described for Germany is not observed in other coun-

tries [140].

2.2 Definition of Exclusion Criteria 

Blood donor eligibility is regulated by the Guidelines on the 

Collection of Blood and Blood Components and on Use of Blood 

Products (Haemotherapy) [141]. Criteria are defined for the per-

manent or temporary deferral from donation with respect to the 

transmission of HIV. Permanently deferred from donation are the 

following:

– Persons with a confirmed HIV infection.

– Persons with non-prescribed IV or IM drug use. 

– Persons whose sexual behaviour puts them at high risk (com-

pared to the general population) of acquiring severe infectious 

diseases like HBV, HCV or HIV that can be transmitted by 

blood: 

 •  heterosexual persons with high-risk sexual behaviour, i.e. 

sexual contacts with multiple sex partners,

 • men who have sexual contacts with men (MSM)

 • male and female sex workers. 

Temporary deferral from donating blood is valid for persons :

– who entered Germany from a country or a region, where they 

had been continuously resident for more than 6 months, with a 

comparatively high prevalence of HBV, HCV, HIV or HTLV-

1/-2 infections,

– who had sexual contacts with persons belonging to a group with 

an enhanced risk of infection with HBV, HCV, HIV and/or 

HTLV-1/-2 (see above),

– with tattoos or body piercing.

From a scientific perspective it appears to be justified to imple-

ment a temporary deferral for those persons with a high-risk sexual 

behaviour that they have verifiably changed. There is currently an 

intensive discussion on a national and international level whether 

lifetime deferral of MSM and of sex workers could be replaced by a 

sufficient temporary deferral, taking into account the last sexual 

contact between men or in sex work, respectively [142–144].

2.3 Donor Testing and Significance 

In Germany, both HIV antibody and HIV NAT testing are 

mandatory. 

2.3.1 HIV Antibody Testing 

Initial testing of a donation is carried out with antibody screen-

ing test systems approved in Europe according to the German Me-

dicinal Products Act (Medizinproduktegesetz; MPG) in connec-

tion with the In Vitro Diagnostics Directive (IVD). Tests used in 

Germany recognise antibodies to all known HIV-1 groups and 

HIV-2.  Reactive screening test results must be followed by a sero-

logic confirmation test or a NAT assay. An additional second blood 

sample has to be investigated for confirmation of an HIV infection 

(see 1.4) [116]. Until the results are clarified, the donation is sepa-

rated and should be preserved for additional investigations. The 

donor is deferred until the final results are available [117]. Accord-

ing to current knowledge, the vast majority of reactive HIV anti-

body screening test results of blood donors are non-specific, i.e. 

false-positive, and have other causes, e.g., immune complexes in 

the specimen (see 1.4).

2.3.2 Detecting HIV RNA by NAT

The diagnostic window period, which is between 3 and 6 weeks 

for antibody screening tests, can be shortened by application of 

NAT. Depending on the level of viraemia, the sensitivity of the 

assay used and the infecting HIV, an infection can be detected as 

early as about 11 days post infection (see also 1.4). The HIV NAT 

enables sensitive detection also of non-HIV-1 M:B. Reference ma-

terials for the detection of different HIV-1 genotypes are available 

[126].

Despite the high labour input and costs, screening with NAT is 

justifiable, because the majority of potential HIV transmissions by 

cellular blood components have been prevented through NAT in 

recent years [131–133, 145–148].

Cost-Benefit Calculation

In view of the high costs of NAT and the currently low inci-

dence in blood donors, the financial investment for the elimination 

of infectious, but still HIV antibody-negative donations is high, but 

justified. The costs are estimated to be about EUR 7.5 million per 

HIV infectious donation discovered and eliminated. HIV NAT 

testing of blood donations was introduced in Germany in the 

spring of 2004 [146].

In several cases, NAT tests containing only primers directed 

against only one genome region were not able to detect HIV with 

mutations in the target region of the primers. To increase safety, it 

has been made mandatory to use at least two different target re-

gions for donor screening (dual target NAT) [132, 133].

From a confirmed HIV-positive donation, plasma samples and, 

if still possible, purified lymphocytes isolated from the donation 

should be stored below –20 ° C in order to have this material avail-

able for the clarification of a potential HIV transmission to recipi-

ents of prior donations. Sequence analysis of several genome re-



German Advisory Committee Blood (Arbeitskreis 

Blut), Subgroup ‘Assessment of Pathogens 

Transmissible by Blood’

Transfus Med Hemother 2016;43:203–222214

gions can be used to clarify reliably an etiologic relationship of an 

HIV transmission by the donation [117, 149, 150].

2.4 Donor History Questionnaire and Donor Interview 

According to the haemotherapy guidelines, the state of health 

and pre-existing relevant diseases have to be assessed by using a 

donor history questionnaire and a confidential interview. This can 

help to identify and defer persons whose donation could represent 

a health risk to themselves or could be associated with the risk of 

transmitting a disease to others. For further queries and explana-

tions a physician has to be available. The medical history should 

cover all issues of the donor selection criteria (exclusion criteria) of 

the haemotherapy guidelines. These constitute a legally binding 

basis for decision-making in selecting donors. Since 2015 an up-

dated standardised donor history questionnaire is available (www.

pei.de/spenderfragebogen), and its application is recommended by 

Vote 41 of the German Advisory Committee Blood (Arbeitskreis 

Blut) [151].

Perinatally HIV-infected children who since birth have been ef-

fectively treated with antiviral drugs for years may be antibody-

negative due to early suppression of HIV replication and could 

theoretically become potential blood donors. They may have no 

measurable viral load in plasma but HIV DNA in their blood cells 

[152]. By declaration of the HIV infection and/or disclosure of the 

continuous use of anti-retroviral drugs they are excluded from do-

nating blood.

2.5 Donor Information and Counselling 

Recommendations on how to inform a donor with positive HIV 

test results are given in the vote on look-back procedures of the 

Arbeitskreis Blut [117]. HIV-infected donors should be informed 

in person and in writing by the blood establishment. HIV-infected 

donors should be counselled and referred to a general practitioner 

or a specialised centre for further care. The counselling should in-

clude information about the HIV transmission routes and the pos-

sibility of antiretroviral therapy [116, 153] (see also 3.4). The infor-

mation given should also include the fact that they are no longer 

suitable as a blood, plasma or organ donor in Germany.

In South Africa, the possibility of exceptions in cases of kidney 

transplantation to HIV-infected recipients is suggested [154].

Clarification of the possible origin of the donor’s infection is of 

epidemiologic interest. Efforts should be made in the donor inter-

view to identify the route and the cause of infection, especially in 

order to prevent further transmission of the HIV infection. Such 

data are also required for the anonymous reporting of HIV diagno-

ses according to the German Transfusion Act (Transfusionsgesetz) 

and IfSG. A template provided by the Robert Koch Institute with a 

standardized questionnaire simplifies clarification and supports a 

nationwide standardised registration system of HIV transmission 

modes in the donor population.

3 Recipients

3.1 Prevalence and Incidence of Blood-Associated Infections and 

Infectious Diseases in Recipient Populations 

Prior to the introduction of compulsory testing for HIV anti-

bodies in May and October 1985, about 1,380 haemophiliacs and 

about 200 transfusion recipients were infected in Germany with 

HIV by blood donations and plasma derivatives [155]. With the 

introduction of antibody screening tests and obligatory virus inac-

tivation procedures in the production process of plasma deriva-

tives, the number of HIV and hepatitis virus infections by transfu-

sion declined significantly, especially in the first 2 years. Since 

2004, HIV antibody testing and HIV NAT further reduced the po-

tential HIV burden of the source material [146]. Since 1990/1991 

no HIV infections have been transmitted by plasma derivatives 

[131, 156].

According to reports to the Paul Ehrlich Institute, 2 HIV trans-

missions by cellular blood components (red blood cell concen-

trates) have occurred after the introduction of NAT screening in 

2004 [157]. Both transmissions were due to very recent infections 

and a failure of the NAT systems used. In the case of 2007, presum-

ably a low viral load and mutations in the primer binding region 

were responsible for the false-negative test results [158]. Regarding 

the transmission reported in 2009, the HIV-positive donor sample 

was repeatedly tested negative with the NAT system used [131].

The risk of HIV transmission by transfusion is estimated to be 

very low. Based on the data on donor testing and haemovigilance 

in the time period between 2007 and 2010, a risk of transmission of 

1 in 9.64 million donations is calculated [132]. Taking recent risk 

models that include specified interdonation intervals into the as-

sessment, the remaining residual risk of an undetected infectious 

whole blood donation is estimated to be 1: 2.4 million [159].

As recommended for HIV-infected donors, plasma and lym-

phocytes of the HIV-infected recipient should also be stored [117] 

in order to possibly clarify the origin of infection and the transmis-

sion using molecular methods (see 2.3).

3.2 Immune Status (Resistance, Existing Immunity, Immune 

 Response, Age, Exogenous Factors) 

There is no protective immunity against HIV. In the case of an 

existing infection with HIV-1 M:B, the infected individual can be-

come superinfected with another HIV-1 M:B strain at any time 

[77]. An HIV-2 infection does not protect against an infection with 

HIV-1 and vice versa [160]. To which extent mutations (Δ32 dele-

tion, mutations) in the CCR5 gene of a recipient hinder a paren-

teral infection remains questionable [61, 161]. In Germany, about 

1% of the population carry this mutation which is therefore irrele-

vant from an epidemiologic point of view. Epidemiologic studies 

indicate that a higher HIV dose may be necessary for sexual HIV 

transmission to a person who is homozygous for the Δ32 deletion 

in the CCR5 gene. Within the first years, the course of the disease 
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can be decelerated in individuals who are heterozygous for the Δ32 

mutation [62]. However, individuals with the CCR5-Δ32 deletion 

seem to have a higher probability of developing encephalitis after 

infection with the West Nile virus [162, 163]. The older a patient is 

at the time of infection, the higher the risk to develop immunodefi-

ciency at an early stage of infection [164–166].

HIV Vaccination

Since 1983, attempts were made to develop a vaccine against 

HIV with high expenditures regarding both personnel and fi-

nances. So far all trials have been unsuccessful, although new 

knowledge was acquired. Therefore, it will still take many years to 

develop an effective and preventive vaccine [167, 168].

3.3 Severity and Course of the Disease 

The course of an HIV infection is always chronic, ending fatally 

without antiretroviral therapy. CD4 cell disintegration and clinical 

symptoms can be decelerated or suppressed by antiretroviral ther-

apy for decades [169]. In untreated HIV-1 infections, AIDS-defin-

ing symptoms appear after a mean of about 10 years, with a range 

of 2–25 years. HIV-2-induced AIDS becomes apparent after a 

mean of approximately 15 years (see 1.2). With antiviral therapy it 

is possible to extend the phase without or with only slight symp-

toms for many years [170, 171].

3.4 Therapeutic Options 

Since 1987, significant progress has been achieved in the ther-

apy of HIV infections, especially with the introduction of protease 

inhibitors in 1996 and of integrase inhibitors in 2007 (table  3). 

Drugs with different spectra of activity are applied: nucleoside 

(NRTIs), nucleotide (NtRTIs) and non-nucleoside analogues 

(NNRTIs), reverse transcriptase inhibitors combined with pro-

tease inhibitors (PI or PRI) and/or additionally a fusion or inte-

grase inhibitor (INI) [172]. Further drugs are being developed 

[173]. Available drugs are summarised in table  3. According to 

the S2 guidelines, the initial therapy of HIV infection should be 

started with a highly effective and at the same time safe and well-

tolerated combination of two NRTIs with one NNRTI [171]. A 

combination of different active substance groups of antiviral 

drugs should delay the development of resistant HIV in the pa-

tient as long as possible. In Germany, it can be expected that al-

ready approximately 10–12% of therapy-naive patients are in-

fected with drug-resistant HIV variants. So far, the percentage of 

patients carrying resistant HIV has remained largely stable [174]. 

Therefore, a genotypic resistance test should be done prior to 

treatment in order to avoid a reduced effectiveness of the chosen 

therapy [174, 175].

The decision for treatment should be made by both the special-

ised physician and the informed patient. The best long-term thera-

peutic results can be reached when treatment is started before the 

onset of symptoms of immunodeficiency. According to the guide-

lines, treatment should be started when the CD4+ cell count is at or 

fairly below 500 cells/μl [165, 176]. In some cases, particularly in 

new-borns, it is indicated to start therapy early after the infection is 

realised, i.e., before or at the beginning of seroconversion. Also in 

the case of an early treatment, it is necessary to determine whether 

drug-resistant viruses were transmitted [177–179].

Only some of the drugs are effective against HIV-2 [180]. Medi-

cation with antiviral drugs and the effect of the drugs on viral repli-

cation can lead to the recovery of functions of the immune system 

and consequently to an improvement or disappearance of clinical 

symptoms. Up to now, elimination of HIV from the body of an in-

fected person through therapy is not possible – the only exception 

is the ‘Berlin patient’ who has received bone marrow transplanta-

tion from a donor homozygous for the CCR5-Δ32 deletion [181].

Adverse Effects

Although a combination of three or four drugs appears to be 

very successful in suppressing the replication of HIV, highly active 

antiviral therapy (HAART) has adverse effects that can severely re-

Table 3. Overview of the drugs available for HIV therapy – see also [171]

Nucleoside/nucleotide reverse  

transcriptase inhibitors  

(NRTI)

Non-nucleoside reverse  

transcriptase inhibitors  

(NNRTI)

Protease inhibitors  

(PRI or PI)

Integrase inhibitors  

(INI)

Entry inhibitors

Azidothymidine – Zidovudine (1987)* Nevirapine (1996) Saquinavir (1995) Raltegravir (2007) Enfuvirtide (T20) (2003)

Didanosine (1991) Efavirenz (1998) Indinavir (1996) Elvitegravir (2013) Maraviroc (2007)

Zalcitabine (1992) Delavirdine* (2007) Ritonavir (1996) Dolutegravir (2013)

Stavudine (1994) Etravirine (2008) Nelfinavir (1997)

Lamivudine (1995) Rilpivirine (2011) Lopinavir + Ritonavir (2000)

Abacavir (1998) Atazanavir (2003)

Tenofovir (2001) Fosamprenavir (2003)

Emtricitabine (2003) Tripanavir (2005)

Darunavir (2006)

*Year of approval in parentheses.

**Not approved in Germany.
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duce the quality of life. Furthermore, antiretroviral drugs interfere 

partly with each other and sometimes with other medication via 

the cytochrome P450 system. This has to be accounted for in pa-

tients receiving HAART [182]. Typical visible changes in the body 

induced by treatment with PI/PRI are lipodystrophy, especially 

degradation of the buccal fat pad (Bichat’s fat pad) in the cheek and 

the subcutaneous fat of the extremities and deposition of umbilical 

and nuchal fat. Common side-effects include diarrhoea, insomnia, 

lack of concentration and inability to gain weight despite adequate 

food intake; also diabetes, anaemia and neurologic disorders are 

observed [5, 29].

At present, an optimal therapy is feasible in cases of an infection 

with HIV-1B and of other HIV group M viruses. It should be con-

sidered that HIV-1 group O, HIV-2 and some HIV-1 group M sub-

types already have natural resistance against NNRTIs and PRI 

[175, 180].

A supplementary immunotherapy with interleukins, e.g. inter-

leukin 2, or potentially preventive or therapeutic vaccines have not 

yet led to an apparent and durable improvement of the immune 

function and a reduction in HIV replication [168, 183–186].

3.5 Transmissibility 

HIV can be transmitted through body fluids such as blood, 

plasma or serum, genital secretions and transplanted organs such 

as kidney, bone and cornea; infection by artificial insemination has 

been documented. Transmission via saliva and bite injuries has 

been reported in individual cases; recently a case was reported 

from China [187]. Open lesions can be points of entry for HIV 

[188]. HIV infections through needle stick injury is possible be-

cause very small amounts of blood are sufficient to infect a person, 

provided that virus titres are high and/or HIV-containing cells are 

transmitted [189, 190]. HIV can neither be transmitted by aerosols, 

social contacts and stings by insects or arthropods, nor by food or 

water.

3.6 Frequency of Administration, Type and Amount of Blood 

Products 

Blood components: Since 2004 only 2 HIV transmissions 

through blood components have been reported in Germany [157]. 

HIV is transmitted if 1 HID ( equivalent to about 500–1,000 HIV 

particles) is present in the administered blood component [190]. 

There is evidence that immediate initiation of HIV post exposure 

prophylaxis can prevent an infection after needle stick injury in in-

dividual cases [189, 191, 192].

Plasma derivatives: Transmission of HIV by plasma derivatives 

occurred between 1979 and 1989 primarily via factor VIII, factor 

IX and prothrombin complex concentrates (PCC). HIV has never 

been transmitted via albumin, antithrombin III (AT-III) and i.m. 

or i.v. immunoglobulin preparations, not even before the introduc-

tion of specific process steps for the depletion and inactivation of 

viruses. The implementation of donor selection, antibody screen-

ing and inactivation procedures has made a transmission of envel-

oped viruses (which are comparable in their structure to HIV) no 

longer possible.

4 Blood Products 

4.1 Infectious Load of the Starting Material and Test Methods 

Due to donor selection, testing of donations for HIV antibodies 

and HIV-1 genome (NAT), the probability of blood and blood 

products to be contaminated with HIV is very low, with an esti-

mated residual risk of below 1 in 1 million (see 2.1 and 2.3). In ad-

dition, plasma for fractionation, which is obtained by plasmapher-

esis, is frequently stored for an inventory hold period of at least 60 

days before further processing. If an HIV infection is confirmed in 

a donor, earlier samples are re-tested in the context of a look-back 

process, and infectious donations from donors in the seroconver-

sion phase still in stock can be discarded. This voluntary measure 

further reduces the theoretical viral load of plasma pools for the 

production of plasma derivatives.

4.2 Methods for Removal and Inactivation of the Infectious Agent 

The production and purification of individual proteins from 

plasma is not sufficient to completely rem ove HIV. Therefore ad-

ditional validated procedures for an effective depletion and inacti-

vation of viruses must be applied [193]. No transmissions of HIV 

by plasma derivatives have been reported since the consistent im-

plementation of effective methods for removing and inactivating 

viruses in the production process. Accordingly, the experimentally 

determined inactivation capacity of the manufacturing process is 

supported by epidemiologic data.

HIV is sensitive to heat and detergents (see 1.1). HIV can be in-

activated by the solvent-detergent (SD) technique, with reagents 

such as tri-n-butyl phosphate (TNBP) and Triton X-100 or poly-

sorbate 80 [194–196]. Pasteurisation at 60 ° C for 10 h reliably inac-

tivates HIV even in the presence of stabilisers [197]. Heat treat-

ment of lyophilized products (e.g. 80 ° C for 72 h or 100 ° C for at 

least 30 min) inactivates HIV, provided there is appropriate resid-

ual moisture of about 1% [198–200].

Because of the heat sensitivity of plasma proteins the inactiva-

tion procedures must be carried out under appropriate validated 

conditions [201]. The product should optimally maintain its bio-

logic activity and native conformation, while potentially contami-

nating viruses should be inactivated under the production condi-

tions [202, 203]. Treatment with β-propiolactone and UV light is 

effective when applied at low protein concentrations, but not in 

plasma [53]. The transmission of HIV by PCC preparations was 

not prevented by treatment with β-propiolactone [204].

Further methods for inactivation of HIV and other viruses in 

blood components have been developed. These are chemical (e.g. 
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inactine), photodynamic (e.g. methylene blue, riboflavin) and pho-

tochemical methods (e.g. psoralen S-58) [205–211]. Clinical trials 

concerning the potency and tolerability of plasma treated with 

methylene blue, inactivated with SD or treated with amotosalen 

[208] and riboflavin [211] have been performed only to a limited 

extent [212]. A further substance to inactivate HIV in whole blood 

or packed red blood cells is S-303 [213]. It is suggested that pro-

duction procedures should generally inactivate an infectious dose 

of 6 log10 (106)/ml of viruses like HIV [214], a requirement that is 

not achieved by some of the above mentioned procedures.

4.3 Feasibility and Validation of Procedures for Removal/ 

Inactivation of the Infectious Agent 

Validation of the various removal and inactivation steps must 

be carried out following the actual production processes using HIV 

[193, 215, 216]. HIV can be propagated to sufficient amounts in 

cell culture, enabling the spiking of the different source materials 

under laboratory conditions. Individual steps have to be investi-

gated mimicking the different production processes with regard to 

their virus removal or inactivation capacity by determining the in-

fectious titres at the start and the end of each production step. Be-

cause HIV-1 and HIV-2 are considered to have identical inactiva-

tion characteristics, it is sufficient to use HIV-1 for the validation 

of an inactivation method. Although HIV-1 and SIVmac239 (sim-

ian immunodeficiency virus – see fig. 2) show similar properties in 

inactivation experiments [217], the use of SIV is not accepted.

5 Assessment 

The occurrence of HIV in the blood and plasma donors collec-

tives since 1979 has been leading to a continuous increase in the 

viral safety requirements for the production of blood components 

and plasma derivatives.

Since the introduction of HIV antibody testing of blood and 

plasma donations in 1985 and the introduction of the HIV NAT in 

2004, HIV infections via blood and blood components have been 

becoming very rare. The initially observed diagnostic window pe-

riod of 21–45 days is now reduced to about 11 days due to the in-

troduction of HIV NAT. The residual risk of HIV transmission 

through erythrocyte, granulocyte and platelet concentrates, which 

cannot be subjected to viral inactivation/removal processes, is low 

and is calculated, depending on the modelling of the risk, as 1 in 1 

million to 1 in 10 million donations. No HIV infection with fresh 

frozen plasma, which is subject to quarantine storage, has become 

known since 1994.

In order to enable an assessment of the viral safety of plasma 

derivatives, it has become mandatory to validate the capacity of the 

manufacturing procedures to inactivate and/or remove viruses. 

Only products with a high safety margin regarding HIV (and hepa-

titis viruses) are approved by the authorities. The validation also 

provides an indication of the viral safety of these products regard-

ing so far unknown and/or newly emerging enveloped viruses.

After donor testing was introduced and validated methods for 

the production of plasma derivatives became mandatory, no HIV 

transmission have been observed with plasma derivatives since 

1990/1991; currently there is no measurable residual risk of HIV 

transmission by plasma derivatives.

After detection of circulating HIV strains that were not detected 

in NAT assays due to mutation or deletion of primer-binding re-

gions, it has become mandatory to use dual-target NAT in order to 

increase the safety of blood products. However, HIV is genetically 

variable, and there is a need for continuous research to sustain the 

achieved level of safety. Continuous monitoring of circulating vi-

ruses is necessary to enable the detection of emerging new variants 

of HIV as early as possible and to enable accordingly the adaption 

and improvement of HIV detection test systems. 
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