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Emerging infections are receiving an increasing amount of both scientific and popular
attention, with epidemics of Ebola virus in West Africa, and MERS Coronavirus in the
Middle East. For these acute infections, the time between 'patient zero' and recognition
of an epidemic was short. Conversely, epidemics caused by chronic infections, such as
caused by human immunodeficiency virus type 1 (HIV-1), have taken much longer to
recognise. HIV-1 was recognized in June 1981 in the United States (1), but emerged
from primate reservoirs in Central Africa in the first half of the twentieth century (2).

Given the scarcity of epidemiological data, sequence data have played a major role in
consolidating our understanding of the emergence of HIV-1, as the evolutionary
relatedness between viruses sampled from different individuals allows insights into the
transmission dynamics of infection before the time of the first sample. Based on
identification of genetically similar viruses in chimpanzees and gorillas in Cameroon,
HIV-1 jumped from apes to humans at least four times (2), resulting in divergent groups
of HIV-1 known as M, N, O and P. Given samples over a sufficient time span, the
evolutionary rate of the virus can be estimated, which can then be used to infer the time
to the most recent common ancestor, or TMRCA, of a set of viruses. This approach was
used to estimate the TMRCA of group M HIV as being in the early 20th century (3).
Sequence data can also be used to monitor changes in epidemiological dynamics over
time, as larger epidemics tend to be associated with higher genetic diversity. Based on
a diverse set of sequences from the Democratic Republic of Congo (DRC, formerly
Zaire), this approach was used to show an increase in the epidemic growth rate in the
1950s (4). Information on the geographical location of samples can be used to
reconstruct spatial spread, which has argued that Kinshasa (formerly Leopoldville) in
the DRC was the source of group M sequences that went on to seed the HIV-1
pandemic (5). Furthermore, sequence data can be used to identify recombinant viruses,
which emerge when an individual is infected with two or more viral strains; the high
frequency of recombinant viruses from Kinshasa in the 1980s suggests that
transmission was occurring at a high rate (6). Yet despite these insights, sequence data
alone cannot tell us the causes for this spread.

Why did HIV-1 emerge in Central Africa? Given the presence of multiple simian
immunodeficiency viruses in different primate species in Africa (7), as well as the
increasing amount of contact with wildlife during the Scramble for Africa, with the
cultivation of cash crops and the exploitation of natural resources (8). However, human-
to-human transmission is required in order for a cross-species transmission event to
result in an epidemic, and during the earliest stages of an epidemic, the infection may
well ‘'fade out' due to chance. The routes of transmission of HIV are well characterised,
yet their epidemiological importance in Africa has remained controversial. This
controversy stems in part from the low probability of transmission of HIV per sexual
contact (10). It is only with repeated exposures to an infected person that the cumulative
risk of transmission becomes significant. The exception to this is during primary HIV
infection, when the infectivity is higher; with high rates of partner change, chains of
more efficient transmission involving primary infection may occur. This may have
contributed to the rapid emergence of HIV among female sex workers in Nairobi, where



the prevalence rose from 4% in 1981 to 61% in 1985 (11). In contrast, infection via the
parenteral route is more efficient, even in chronic infection (12).

What caused HIV-1 to emerge? Early modeling work (13) investigated two possible
explanations for how HIV transmission may increase sharply. Firstly, a spatially
heterogeneous model where the population is divided into villages can give rise to an
increase in the epidemic growth rate, without any change in the epidemiological
characteristics of the model. However, the increase in growth rate probably occurred in
an urban environment, rather than an interconnected network of villages. Secondly,
even a modest increase in contact rate can lead to greatly increased transmission rates,
as more transmissions occur during acute HIV infection, when infectivity is high. One
proposed pathway of increased contact rates is that iatrogenic transmission played a
role in 'jumpstarting' the epidemic. The high rate of transmission of HIV via blood or
contaminated needles (12), coupled with the potentially high number of exposures to a
single infected needle could potentially amplify a small number of cases into a large
number, capable of sustaining further transmission. Western style biomedicine was
used as a tool of empire by the colonial powers, and the 1950s was a time of
widespread biomedical interventions, including injections for treatment of tuberculosis,
sleeping sickness, syphilis, and yaws. Some have argued that iatrogenic transmission
must have been important in the very earliest stages of HIV-1 emergence from primate
reservoirs (14). A competing, although non-exclusive, pathway is sexual transmission;
high rates of sex work that accompanied urbanisation following World War Il may have
boosted HIV-1 prevalence.

In this issue of the Journal of Infectious Diseases, Hogan et al. (15) present evidence
that iatrogenic exposure may have played a role in the apparently rapid increase of HIV-
1 in the 1950s in Kinshasa, using a combination of viral sequence, serological and
epidemiological survey data relating to two other chronic infections - hepatitis C virus
(HCV) and human T cell lymphotropic virus 1 (HTLV-1). Elderly residents of Kinshasa,
who may have been exposed to blood-borne viruses in the 1950s, were administered a
questionnaire, and blood samples taken for serological testing and sequencing of HCV
and HTLV-1. For two subtypes of HCV, 4k and 4r, sequence analysis demonstrated a
burst of infection starting in the 1950s. Analysis of the serological and survey data
demonstrated statistical associations of infection with HCV subtypes 4k and 4r, as well
as HTLV, with potential iatrogenic exposure, particularly those reported to have occurred
before 1960. A high proportion (12/26) of HTLV infected individuals were also infected
with HCV, although the specific iatrogenic associations differed for the three different
viruses, suggesting distinct but overlapping epidemics perhaps associated with
transmission at different hospitals or clinics. The study team had used similar
approaches elsewhere (16), but the focus on Kinshasa, the crucible where group M
HIV-1 emerged makes it more relevant for studying pandemic HIV-1.

The retrospective approach of Hogan et al. suffers from some unavoidable limitations.
The sampling frame for the study was biased away from those individuals who had
already died, such that HIV+ individuals and HCV+ individuals who had already
developed cirrhosis or hepatocellular carcinoma are underrepresented. The sequence

3



analysis was also prone to bias due to the age of participants, which would inherently
result in large 'effective population sizes' close to the present. Tips of the tree represent
a combination of within-host. Although individuals co-infected with HCV and HTLV-1
were overrepresented, suggesting that individuals may have been infected with both
viruses at the same time, there was insufficient information in the sequence data to
compare phylogenetic trees with confidence. The recall of events in the distant past is
often prone to forward telescoping - thinking that an event occurred more recently than
it actually happened, although Hogan et al. used events to anchor an individual in time,
and hence minimise this effect. Despite these issues, the level of concordance in the
survey and sequence data is reassuring. Another strength is that the sequence and
survey data were collected from the same individuals, although it is difficult to integrate
sequence data and behavioral data, and the sample size for phylogenetics was
restricted to those infected, this was not a problem for HCV, as the prevalence was high
(25.9%), but HTLV prevalence was much lower (3.1%) and may have limited statistical
power.

Why did group M viruses, which went on to become pandemic, emerge in Kinshasa,
rather than Cameroon, where they presumably originated? Recent results on group O
HIV-1 add to the puzzle. Like group M, group O originated in southern Cameroon,
although from gorillas rather than chimpanzees (17), and like group M HIV-1 in Zaire,
group O HIV-1 also underwent an increase in genetic diversity in the 1950s, consistent
with an increasing epidemic (18). Unlike groups N and P, which are extremely rare and
appear to have limited transmissibility, individuals infected with group O HIV-1 have a
high viral load. Biomedical interventions were widespread in Cameroon, with rapid HCV
diversification (19), consistent with epidemiological data demonstrating a cohort effect
(20), with individuals born in 1940 having the highest HCV prevalence, and an
association between trypanosomiasis treatment and HCV and HTLV infection amongst
individuals 55 years and older (21). There may have been competition between group M
and group O HIV-1, although individuals dually infected with groups M and O have been
identified (22), or the emergence of HIV-1 in Zaire rather than Cameroon may simply
reflect a founder effect, like those associated with HIV-1 epidemics outside of Africa.

What about today? The widely held view is that sexual transmission is the predominant
route, supported by mathematical models that exhibit relatively low rates of iatrogenic
transmission (23) and a high risk associated with patterns of concurrency, although this
remains contentious (24). Nevertheless, we should strive for the reduction of iatrogenic
transmission, although there are barriers to be overcome in terms of provision of
sufficient medical supplies and infrastructure, and improvements in biosecurity may be
offset by the large reservoir of individuals harboring blood-borne viruses. In Egypt,
which has the largest HCV epidemic in the world (27), probably as a result of
parenteral-antischistosomal-therapy (PAT) mass-treatment campaigns (28), most new
infections are iatrogenic in origin (29).

What lessons should we glean from studies like Hogan et al.? All too often, such studies
are erroneously interpreted or viewed with scepticism, such as following the publication
of molecular epidemiological evidence implicating Haiti as a stepping stone for the
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dissemination of HIV from Africa to the United States (31). Such studies should be
treated more than a history lesson. latrogenic risks are not unique to Africa; Mongolia,
for example, has a rate of hepatocellular carcinoma six times the global average, driven
by high HCV and hepatitis B prevalence; while the exact reasons for the high
prevalence of viral hepatitis are not known, epidemiological studies point to dental
treatment as a risk factor (33). In an era of increasing population mobility, which drove
the dissemination of HIV from Africa to the rest of the world, we have to take shared
responsibility for development of health services and appropriate prevention strategies.
With current discussions of vaccination to protect against Ebola virus (34), iatrogenesis
should remain a concern in the global health agenda.



Notes

Financial support. S.D.W.F. was supported by the Medical Research Council
(MR/J013862/1) and the Economic and Social Research Council (ES/K003585/1).
S.K.K. was supported by the Cambridge-Africa Partnership for Research Excellence
and the Alborada Trust.

Potential conflicts of interest. All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider relevant to the content of the manuscript
have been disclosed.



References

1. Centers for Disease Control and Prevention. Pneumocystis pneumonia—Los angeles.
Morb Mortal Wkly Rep. 1981; 30(21):250-252.

2. Sharp PM, Hahn BH. The evolution of HIV-1 and the origin of AIDS. Philos Trans R
Soc Lond B Biol Sci 2010; 365(1552):2487—-2494.

3. Korber B, Muldoon M, Theiler J, et al. Timing the ancestor of the HIV-1 pandemic
strains. Science 2000; 288(5472):1789—-1796.

4. Yusim K, Peeters M, Pybus OG, et al. Using human immunodeficiency virus type 1
sequences to infer historical features of the acquired immune deficiency syndrome
epidemic and human immunodeficiency virus evolution. Philos Trans R Soc Lond B Biol
Sci 2001; 356(1410):855-866.

5. Faria NR, Rambaut A, Suchard MA, et al. HIV epidemiology. the early spread and
epidemic ignition of HIV-1 in human populations. Science 2014; 346(6205):56—61.

6. Kalish ML, Robbins KE, Pieniazek D, et al. Recombinant viruses and early global
HIV-1 epidemic. Emerg Infect Dis 2004; 10(7):1227—1234.

7. Peeters M, D’Arc M, Delaporte E. Origin and diversity of human retroviruses. AIDS
Rev 2014; 16(1):23-34.

8. Baronov D. The African Transformation of Western Medicine and the Dynamics of
Global Cultural Exchange. Temple University Press; 2010.

9. Pépin J. The Origins of AIDS. Cambridge University Press; 2011.

10. Boily M-C, Baggaley RF, Wang L, et al. Heterosexual risk of HIV-1 infection per
sexual act: Systematic review and meta-analysis of observational studies. Lancet Infect
Dis 2009; 9(2):118—-129.

11. Piot P, Plummer FA, Rey MA, et al. Retrospective seroepidemiology of AIDS virus
infection in Nairobi populations. J Infect Dis. 1987; 155(6):1108—-1112.

12. Baggaley RF, Boily M-C, White RG, Alary M. Risk of HIV-1 transmission for
parenteral exposure and blood transfusion: A systematic review and meta-analysis.
AIDS 2006; 20(6):805-812.

13. May RM, Anderson RM. Parasite-host coevolution. Parasitology 1990; 100
Suppl:S89-101.

14. Drucker E, Alcabes PG, Marx PA. The injection century: Massive unsterile injections
and the emergence of human pathogens. Lancet 2001; 358(9297):1989-1992.

15. Hogan C, lles J, Frost E, et al. Epidemic history and iatrogenic transmission of
blood-borne viruses in mid-20th century Kinshasa. J Infect Dis 2016 in press.



16. Pépin J, Lavoie M, Pybus OG, et al. Risk factors for hepatitis C virus transmission in
colonial Cameroon. Clin Infect Dis 2010; 51(7):768-776.

17. D’Arc M, Ayouba A, Esteban A, et al. Origin of the HIV-1 group O epidemic in
western lowland gorillas. Proc Natl Acad Sci U S A 2015; 112(11):E1343—-E1352.

18. Leoz M, Feyertag F, Kfutwah A, et al. The two-phase emergence of non pandemic
HIV-1 group O in Cameroon. PLoS Pathog 2015; 11(8):e1005029.

19. Njouom R, Nerrienet E, Dubois M, et al. The hepatitis C virus epidemic in
Cameroon: Genetic evidence for rapid transmission between 1920 and 1960. Infect
Genet Evol 2007; 7(3):361-367.

20. Nerrienet E, Pouillot R, Lachenal G, et al. Hepatitis C virus infection in Cameroon: A
cohort-effect. J Med Virol 2005; 76(2):208-214.

21. Pépin J, Labbé A-C, Mamadou-Yaya F, et al. latrogenic transmission of human T cell
lymphotropic virus type 1 and hepatitis C virus through parenteral treatment and
chemoprophylaxis of sleeping sickness in colonial equatorial Africa. Clin Infect Dis
2010; 51(7):777-784.

22. Vessiére A, Rousset D, Kfutwah A, et al. Diagnosis and monitoring of HIV-1 group
O-infected patients in Cameroun. J Acquir Immune Defic Syndr 2010; 53(1):107-110.

23. White RG, Ben SC, Kedhar A, et al. Quantifying HIV-1 transmission due to
contaminated injections. Proc Natl Acad Sci U S A 2007; 104(23):9794-9799.

24. Gisselquist D, Rothenberg R, Potterat J, Drucker E. Non-sexual transmission of HIV
has been overlooked in developing countries. BMJ 2002; 324(7331):235.

25. Sawers L, Stillwaggon E. Concurrent sexual partnerships do not explain the HIV
epidemics in Africa: A systematic review of the evidence. J Int AIDS Soc 2010; 13:34.

26. Goodreau SM. A decade of modelling research yields considerable evidence for the
importance of concurrency: A response to Sawers and Stillwaggon. J Int AIDS Soc
2011; 14:12.

27. Mohamoud YA, Mumtaz GR, Riome S, Miller D, Abu-Raddad LJ. The epidemiology
of hepatitis C virus in Egypt: A systematic review and data synthesis. BMC Infect Dis
2013; 13:288.

28. Frank C, Mohamed MK, Strickland GT, et al. The role of parenteral antischistosomal
therapy in the spread of hepatitis C virus in Egypt. Lancet. 2000; 355(9207):887—-891.

29. Paez Jimenez A, Sharaf Eldin N, Rimlinger F, et al. HCV iatrogenic and intrafamilial
transmission in Greater Cairo, Egypt. Gut 2010; 59(11):1554—-1560.

30. Mohsen A, Bernier A, LeFouler L, et al. Hepatitis C virus acquisition among
egyptians: Analysis of a 10-year surveillance of acute hepatitis C. Trop Med Int Health
2015; 20(1):89-97.



31. Gilbert MTP, Rambaut A, Wlasiuk G, Spira TJ, Pitchenik AE, Worobey M. The
emergence of HIV/AIDS in the Americas and beyond. Proc Natl Acad Sci U S A 2007;
104(47):18566-18570.

32. Pape JW, Farmer P, Koenig S, Fitzgerald D, Wright P, Johnson W. The
epidemiology of AIDS in Haiti refutes the claims of Gilbert et al. Proc Natl Acad Sci U S
A 2008; 105(10):E13.

33. Davaalkham D, Ojima T, Nymadawa P, et al. Prevalence and risk factors for
hepatitis C virus infection in Mongolian children: Findings from a nationwide survey. J
Med Virol 2006; 78(4):466—-472.

34. Attaran A, Wilson K. The Ebola vaccine, iatrogenic injuries, and legal liability. PLoS
Med 2015; 12(12):e1001911.



