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Abstract lll. Investigating potential driving factors Working hypotheses Tckina ohimosis and baranhimosis in cities
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Methods: We performed new molecular clock analyses to time SIV/HIV divergence. We reviewed HIV-1 parenteral and sexual transmissibilities, and the co-factors genital ulcer disease (GUD) and lack of are h [0 h, and colonial cities had pe riods of incidence in adult males. Belgian Congo Leopoldville 1907.1910-12 | 74 0.685% - E!nsﬂasa’ 18;8 > - — reduced population >
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effects of STDs, genital ulcer diseases (GUD), viral load, circumci- cles and databases on tropical medicine, colonial history, and demo- . . . o . : : clglan Longo eopoldville kast : 0 L otal circumcision o |
Results: Molecular clock analysis on the newly reported SIVs narrows the time intervals (roughly 1880-1940) for all transfers to humans, in contrast to HTLV. Apart from unsafe injections, other factors sion, and acute infection. graphy, and documents in Afrika-archief, Ministerie van Buitenland- h U m a n S y th a n kS tO CO p I O U S SeXU al In add |t|on the h § b Of |nfeCtee S generated |n natlng circumcisions for ph1m031s and paraphlmo- Belgian Congo | Leo Matadi. Boma® 1930-31 245 0.395% 0 | ‘ | e || |
seem to be necessary to permit SIV adaptation through serial transmission in this time frame only. While HIV-1 parenteral transmissibility (roughly 1% per-reuse) is higher than its common per-act sexual . . se Zaken. Brussels. Beleium. in Centre d’ Archives Outre-Mer. Aix- . . . . . . , . S1S. concentratine on maior cities. Most cases ’ ’ '
ihild : : g : S - : : STIN. e For the relevant countries, and for the period 1885-1960, we resear- ’ , Belgium, ’ ’ g d - ‘ ]
t bility, GUD invol t the latter to 4-32%. We found that, d t th MRCAs of all HIV epid , intense GUD outbreaks (e.g., with ulcerat hilis incid ; p ) ! : A : : this way were uniquely well placed to spread . , o | -
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cities was low (50-80% versus near 100% in the others) and HIV groups did emerge only in them. Our simulations suggest that the odds of SIV initial spread were much higher in these cities at their in- behaviour, and the demographic history of cities. Sante des Armées, Marseille, France. Clty at tl mes Of h |g h |y INCI d e nt the virus to the rest of the COIOny afterwards urban area or nearby. It’s Very difficult to translate Douala / b 1932.193 313 0.635° Cumulative number of infecteds Cumulative number of infecteds
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Conclusions: The timing of HIV emergence fits better GUD-intensive periods in nascent cities, than the periods of higher injection, and urbanization intensities. Early HIV epicenters arose only in cities Re S u Its u n CO ntrOI Ied G U D - help to piIlpOiIlt re gional differences. The,low 1nci- Mali Bamako 1937 4 0.045% 8: > 9 K 8: = \
that had relatively low circumcision rates. These results suggest that intense GUD, and non-circumcision, in promiscuous urban centers together contributed to HIV emergence and adaptation. Our results . . Sene gal Saint Louis 1937 6 0.040% Lo S «© \ Te Q TS .
imply a zoonotic danger posed by GUD, and recommend its monitoring, particularly in areas where male circumcision is less common. dence.s of Mah and S.eﬂegal. qre e.Xplal.ned by the . > - :".). | i::._.".. > % | "\”;::0---.-...~
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HIV-1 Transmissibilities Heterosexual (sandard) ] Non-circumcision H othesis from a GUD-suffering woman decuplies (from 4% to table suggests that Douala had even lower circum- cities; about 3/5 of the operations were in Leo. ® Most people from Wouri § | s | e N, g % | \.\ 2\ N
. . o ' 43%), if the man is not circumcised (Part IIl); after cision rate than Leopoldville or Brazzaville. division were in Douala. ] E RN R T 2°7 . o e
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HIV-1 group M descends from SIVcpz endemic in chimpanzees', and group O has closest STV relatives in gorillas (SIVgor) from West Injections (arqugd .l.A) | 6) is higher than standard per-act | jnravenous inecson - needed a re|at|Ve|y low male cir measured. SIVcpz and SIVsmm may be adapted to : _ _ - 0 - sest tran;:qission liain 20 0 Lonzest tran::nission 1C5h . 20 0 Longest I 0 Lonzest o

Central Africa’. HIV-2 descends from SIVsmm, endemic in West African sooty mangabeys3 . While bushmeat handling transmits SIV's sexual tran§m1881b111ty - . . Heterosanyal with GUD _ cumecaision rate to cause H |\/ exploit their hOS_tS foreslfllns, and so morg easily Conc| usions: perlod, Kinshasa, Ab|djan, and Douala, had

to humans, the process that permitted epidemic emergence remains a matter of debate™. The countries where these viruses formed « However, involvement of GUD dramatically increases Serac < E?:“IE'-'E. 5:3% 1% 3% 1[;% 3[}% make the adaptlye transition to humans in popula- : - lower rates than the others. 2 59| | =2 > g

their early human epicenters were the Democratic Republic of Congo (DRC), Cameroon, and Cote d’Ivoire, respectively. the later to a 4_32%16’17 (ﬁgure 3) Er-aCyrelst ransmssibiy . ' emergence tions with foreskins. ® V_Ve found a geogrqphlcal negatlve correla- « Whether or not non-circumcision was >m o ° \. o § & \}3333555‘“-o---om................
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Objectives: To understand the timing and the causes of HIV emergence. sion. Examining evidence would explain the country selection, and would sup- gence and ciroumcision rates during the ori- " (St on the early § 3 by, || 3 e " s
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. Lack of circumcision increases men’s risk by a factor . - . . port the Non-circumcision Hypothesis. We present this tical period (1910-35). The DRC, Cameroon, $ e P | i 2 o I -
. . . e The Main Hypothesis is consistent with the TMRCAS, ¢tudv in patt IV. Céote d’Ivoi d Guinea-B; Il earl Istory o groups, 1or exampie, witnin - S & | 3 .
of 2-2.5 in long observational studies, and by a factor as already stated; but 1t doesn’t explain why HIV S R | o t VOI)r ° acr; th ned I-St-sau La delar Y West Africa, Cote d’'lvoire and Guinea- | 25 26-38 39-51 6 o ' ' | ' ) | P' ' 0w
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| - | | | narios, with different demography, GUD levels, and ates (figu : centurv. and thev were the exclusive epicen
) . . ) ) . . . o It circumcision practice was common in the capital circumcision rates, thus testing our two hypotheses. « Among the cities which were already big Y ey : 24p . . . . . . . .
Methods GUD epldemlcs 1n equatorlal Africa ° Rapid city growth led to male-biased sex ratios, cities of countries where HIV eroups emerged. this ° ° : . . . 2. ters of HIV-2 in the period 1960-1980°". Figure 9. Comparison of the main scenarios: Kinshasa in 1919-29 Figure 10. Variants to the Kinshasa 1919 scenario: GUD prevalen-
: : stoup gcd; We present these simulations in part V. Industrialized, and growing in the critical : J :
6 (U42720 and X52154), and HIV-1-0 e analvred b thus promoting commercial sex work (CSW) and a g g was uniquely permissive for the spread of HIV. ce had the most dramatic effect.
e Bayesian relaxed clock analysis implemented in BEAST". an , an -1-O sequences previously analyzed by e GUDs were Virtually absent from the forested hi .. | | | | |
5 igh GUD incidences. Each lated 1000 t last I ; th I .

e For SIVcpz-HIV-1-M: partial pol gene sequences (nucleotide 3887 to Lemey et al. (2004)". areas where chimpanzees and s.mangabeys live . 1§ health frer 1930 d Al Sl?gw sci)?rirslcc))f\jfit(szi)n;lue:oen 2 1o S::Ieltllzs,TﬁZ lsllllgcélesslsnffeazeeari, de;iagzns To identify the key factors that facilitated the spread of HIV in 1919, we
4775 according to the HXB2 numbering) from both recently obtained e Markov Chain Monte Carlo (MCMC) analyses combined with a Bayesian c : etter health systems after , and penicillin - — - - o e s 1o o g scale. ° e pth f o firet varied 4 factors to approach the non-permissive scenarios: 10-fold redu-
SIVepz?, and additional SIVepz (X52154, AY 169968 and AF382828), and ~ skyline plot model®. up to 1885 introduction in 1945-47, reduced these diseases’ IV M d I e circumcision in Ce ntl’a| din d WQSt Afrl Cca V S i | t th I t | d f H |V e Ct arafc cetylze }éilﬂsl cur 101nt(m1n1mu]§n f\{vefe i d elen%d'tq :h . cedpopulation, balanced sex ratio (with 0% married), no GUD and uni-
T S ooy et Loy 000 Nt o TUECA bl 1 1 Then, syphils.chancrod,and ymphogranulo-  incidences . Simulating the initial spread o e o Y k.

e For SIVgor—HIV-1-0O: partial pol gene sequences (nucleotide 4230 to O, based on published datings®'’. Posterior distributions obtained by ma venereum (LGV) invaded. as colonial svs- . : : L :

4775 according to the HXB2 numbering) from three SIVgor', two SIVcpz MCMC runs investigated using a Tracer. d 1 (d ) d ’ d .y Genll.[al herpes 9nly b.ecame lmporg%nt ds Cause Meth Ods length of the longest transmission chain.
tems developed, around towns and enterprises. of genital ulcers in Africa after 1980 (fig. 5). Methods
Res U ItS Literature reviewed Male circumpision practicg as descri- | Estimated frequency at We implemented a simple individual-based stochastic simulation of initial HIV epidemics. The model tracked the spread of the virus over a M bably mediated partly by Its indirect .effeCt on GUD
. . e Modern papers relating HIV prevalence and male circumcision bed in ethnographies age 20 dynamical network of sexual contacts. Simulations were started with a single infected male. We focused on the initial spread of the virus (the first : _ : _ preVa|enCe- La rge Clty Size was not im PO rtant.
TMRCA with closest SIV Intragroup TMRCA The example of Leop OldVﬂle (HOW Called KlnShasa) e Demographic and Health Surveys (DHS)* Culturally mandatory, up to puberty 95-98% year), before it could fully adapt to efficient transmission in humans. The model considered the effect of GUD and circumcision status on HIV The simulations confirmed that the pe riod around Colonial disru ption of population structure and hlgh
Table 1. Estimates, with 95% CI, of : : . . 21 o . . : e Revised Ethnographic Atlas, 1999% : “0co transmission. Transmission rates were scaled after estimates on modern HIV-1 (Table 4); transmission was restricted to acute infection. The sexual 1919-29 was uniquelv permissive for the earl : : : :
- TMRCA with closest SIVs (made in this Fy re;lsearch.lcrilchgl\(f).ntlﬁl health reports ?frlk?-arctﬁ.?f, Brusselslz. ilWe: gathf.:red, for Lzopolci)vsllsle. gjemog,;raphlc.:tdlatal, recorde.d castes of syphi- « Primary ethnographic papers written in the period 1880-1960 Cultural(l:};1 gjziaet;or}&baelis in many 85-95% network consisted of stable (spousal) links, short-term links and male visits to CSW. The network was parameterized according to modern stu- 4 of HIV. | qth Yp el th . t y prom|SCU|ty opened the time Wlnd.OW for successful
1876 (1 847-1 907) 1921 (1 908-1 933) study), and of intragroup TMRCA (from = SIS ) L PO G RYPLLR CRSEH LLEL ee LG e (RS0 e ol Sani pIEsem g Fuges) e Tables of surgical operations in colonial medical reports p but with D Y : 50709 dies®, with the exception of “femmes libres”, whose promiscuity was adjusted to meet the “demand” of men for short-term links. sSpread o . In the maodaei, the single mMost Impor- S|V zoonoses by fuelllng GUD epldemlcs, and the
3 ’ resent, but with many exceptions -70% " . . . :
1741 (1606-1870) 1920 (1890-1940) previous studies). Each transfer to ncid. % » . Figure 4. Annual incidences of GUDs in adults, sho- Coverage of all numerically important ethnic groups of the countries at or Absent 0.5 tant direct effect was rampant GUD. We therefore window was closed by efficient medical STD con-
1 889 (1 856_1 922) 1 940 (1 924_1 956)12 humans happened between the tWwo 1?)0[')06 0 @ SyphI“S A PSS A ChaﬂCFOId A I_GV Wlng dCClineS Of 15_25 OI‘deI‘S Of magnitude between pear chimpanzee, gorilla, gnd SO(?ty ma.ngabey rang§s, iIlCllldiIlg many lacking p b : i q 0-5% Table 4. Transmission rate estimates for chronic infection with modern CO”C'Ude that the pOSSIbIe ImpaCt Of Nnon- trOI, IN Splte Of ContanIng populatlon growth and
- dates, most probably nearer the later ’ .o.....'. , the 19205 and the 1950s in the Ethnographic Atlas”, and including non-ethnic groups (e.g., Creoles). resent, but consists ot incisions an ~>70 E S 2 (C HIV-1. “GU” indicates the presence of a genital ulcer and; “C” and circumcision on HIV origins (apparent in the geo- decreasing but still high promiscuity
1889 (1856-1922) 1945 (1931-59) ’ ' ' Inf i thered not removal of foreskin — % and ¥ — S(O) “NC” indicate the circumcision status of the male. Acute infection lasts hical patt ted | L1V : '
1,000 ' : : niormaton sathere Adopted recently, and ethnographies | Starts at 0-10% and both ? — J(NO) 12 weeks and is characterized by a 26-fold increased transmission grapnical patiern presentea in par ) was pPro-
' _ In the 19208, many male 1mmi grants entered e Circumcision status, age of the operation, generality provide approximate date of adoption |limits raise linearly up to 34 — 2(GU) potential®®. Assuming lower initial efficiency for early HIV, in the simu-
D |ffe re nt t em p Ol'a| p att erns for H IV an d HTLV 0.100 _ the ¢ ity, raisin g the sex ratio to 3.5:1, and . Temporal changes. in circumeision I.)rac.tl.ce | | the present level 0(GU) — 3(C) lations we set acute transmis.sibility. rates using a 10-fold multiplier on
encourasine commercial sex work ( C SW) B e Ethnic group distribution in the main cities for several time points the modern chronic rates (with a ceiling of 0.9).
(a) (b) ~ Endemcin. sing . - DY e Cases of phimosis and paraphimosis (which only affect non-circumcised Table 2. Criteria for the upper and lower estimates of circumci- 2(GU) — S(NC) ) . e Our model does not disavow the notion of a paren-
N 1 $————HIV-1-M Pandemic 0,010 1928, 70% of women were considered males) from tables of surgeries sion frequency in adults in ethnic groups. Q@ — J(GU) ’ Supported by.ref.16; Supported by ref.17; © Applying the same multi- G e n e ra I C 0 n CI u S I 0 n S t | chain havi ided initial h adaptati
itﬂl !'-:'I.ang.s.ig'lians 4{_'—| Sicpz Pt troglodytes 001 “femmes libres” (promiscuous). In 1929-31, To compute estimates of circumeision frequency for cities, we used the crite- 2(GU) — 2(GU) and Q(GU) — J(GU) plier for GUD in the exposed person measured in ref.16. eral chain naving proviaed initial rougn adaptation.
i = N V10 G Arcan i — — ’ - ia described in table 2. - i The simulations suggest that small towns / settle-
§— HTLV-1b C Aficans o E=——=H\-1-0 Chane Figure 1. Human T-cell lym large surveys of most women of Leo-East ria Time coincidence e The simu gg
STLV-1 (1781) gor Western gorilas hotropic viruses (HTLV) (a) 0 . . LU A AR AT . ays : i
§—— HILV-1d CAficans o~ SiVepz Pt schweinfurthi pRotropic uncovered that 5% had active genital ulcers. ments could initiate the process as well as big cities.
...... ] #——— HTLV-1e CAficans Bz SlVagm African green m. emerged in humans many Re su |ts We considered four main scenarios to investigate why SIV could Parameter Pre-colonial Leopoldville .. : . " _ _ _ . :
ppy— | :Hlé Worldwide millenia ago, and at different establish epidemics in humans in a short time window. Three sce- village - 1919 T 1929 1958 oG mCIdenC.eS n na.S(:ent COIO.maI .CItIeS were » Still, fast-growing major cities received more S|V
HTLV-1c A-Aborigines, ———HivoE 13.14 P th . .
______ ; 1 Metanesians o times >'", in contrast with , S , , S /K : - . orders of magnitude higher than in mid 20" century iInfectees per year, and were uniquely well placed to
STLV-1 ) . : « o : o : .. : _ narios involved Leopoldville/Kinshasa, which was the likely epi
il L — SIVsmm Sooty mangabeys HIV (b) Figure 5. Defining the “epochs™ of GUD intensity in African cities. All countries passed similar pha- « Circumcision 1s now almost universal 1n all relevant coun- D centre of HIV-1-M, and for which we have gathered extensive Number of women 500 3265 | 10081 | 69159 (part 111). The critical GUD period fits the start of HIV spawn an emergent virus to the rest of the colony
e oy, Amefindians Sivyk  Sykes' monke ' L - - - - - - - i Number of men 500 8798 | 31817 | 93064 ' C e e ; .. 2, . . &
{[ = T o St Nondrls ses. The transition times of the Belgian Congo are marked 1n the scale. tries, excepting Rwanda, Burundi, Uganda, and Tanzania. C g original data. 0 . spread better than injection intensity or urbanization.  thanks to their privileged connections. This explains
STL-a Smns - - Siveun Sun-ased monikcy: - - The rate is 93% in Cameroon, 95% in Cote d’Ivoire, and Bissal, e o of women £.libres 0 60 | 60 10 - -
STLV-4  Simians SVol Colobus monkeys Pre-colonial | Early colo- Venereal control Penicillin epoch Herpes epoch o/ . ’ 27 ’ 3 Elsig Pre-colonial village: A large settlement from the pre-HIV era, % of men circumcised 0 70 30 95 e Moreover, the earliest periods of sharp growth of Why the epldemlcally successful HIV groups are few.
— e epoch nial epoch epoch >97% 1n the other countries covered by DHS™. : . . . . ° ’ . e
Spisbetueen PTLVs 50 40 30 20 10 0. Tme () Spls beween SiVs 1900 1550 1590 1760 2000 Te - Cities continue to grow fast and sur- | - Cities became huge with balanced sex ratio, most sexually active adults married, no Genital CSWs 15 5 Douala (1916-21), Kinshasa (1918-29), and Abidjan
span over hundreds of  HTLV emergence spans over span belween cenlunies HIV emergence conceniraies . . . . ) ) - .
m‘:}uﬂndm},&m s C_.mjmg of years Eﬂd illenia ago ,ﬁm v -Le}[irgr?safggrjlf?gnrﬁra- ’;e(r:sot)::;ls(r:r?gl-l térLrgp:r?;:g :l?r?/lg;/ SS);Sr»]-d , .pfc}ls.s 10° in_hallaitantsI . - !-Ierpgs now pande- « However, at the time of most ethnograph1es studied (1900- CSW, no GUD, and no circumcision. ulcer fgq- Femmes libres 75 05 (1 031 _45)’ Closely match the TMRCAs of HIV-1 -O, Geo rahlcal correlations
’ - Fenicilin massively empiloye MIC ana Ccausing more ” 1 ? 1 1 ” . .

; _ . _ forests | - GUD massive treatments D e it enital ulcers than 1930), still many groups didn’t practice it, and many had just | sierra LEoNE Leopoldville 1919 and 1929: These two scenarios were selected | o, | Other women 3 03 HIV-1-M, and HIV-2, respectively (table 1; figure 6). . | e
Conclusions: Transfer of HIV to humans happened in a limited timeframe -GUD absentin | in centers - GUD less incident other GUDs adopted it, imitating other groups. Others adopted it in mid Monrovia from the range estimated for the TMRCA of HIV-1-M by phylo- on e 03 » Among the cities which were large and growing in
compared with HTLV. Epidemic emergence was only in 1910-45 forest areas 20" century. = AT genetic methods. Most data were available for 1929; 1919 was — — Theoretical viabilit the critical period, Kinshasa, Douala, and Abidjan,

. . Time — 1885 1918 1935 1947 1980 Imumﬁz;}ln e COTE D'IVOIRE selected because it is closer to the most recent best estimate'”. Table 5. Scenario-specific parameters of the simulations, had lower circumcision rates. However, our simula-
¥ universal . . ) 1 ’
" - - - - - based on archival historical data” . : .. : : ’ _QNo :
= :ﬂ?iildeglm . . bey 5101:11111 tHIIIllZlI;i);?;Z G\Ze: :XCiifEC:iI;ZIZ?VZZII‘;/n;ia::; gifgfllizﬁncs, * Frequency was kept constant by random replacement of recovered infections; the * Unllke 4m0dels emphaSIZIng parenteral Serlal tranS' tlons doon t ConC|Ude that the 70 80 A) rate Of KInShasa
II U I d - - H IV - - Inhab. | — Kinshasa — Brazzaville — Libreville — Douala — Yaoundé Inhab. | — Abidjan — Conakry — Bouaké —— Monrovia Freetown — Bissau B Not done ty mangabey range gnly duration of GUD periods was 10 weeks. miSSion . our GUD hypOtheSiS iS more Compatible (VS >9O /0 IN mOSt OtheI’S) WwWas |nStrU mental IN HIV‘1 'M
= n res O Ve ISS u es co n ce rn I n g O rl g I n s 20000 ggggg % Cj —s—Kinshasa —®—Abidjan  —=— Brazzavile —=— Librevile —=—Douala  —«— Bouaké Fi 7. Distributi fmale ci . than today. ith d | adapti luti t loit the h emergence.
45000 o Circ. _ _ _ igure 7. Distribution of male circumci with gradual adaptive evolution 1o exploil € nNuman
1000 ggggg 00 —=—Monrovia —=— Freefown Conakry —s—Bissau  —e— Bangui sion in West Africa circa 1915. Leopoldville 1958: A time point beyond the origin of HIV genital tract « On the contra ry in West Africa. Ivorian cities are sin-
. . . . . h . . . . " ’ y
First (classical) Timing Paradox: why only in 20" century? Proposed driving factors: 35000 45000 groups, with larger population, GUD under control and near uni- _ _ _ . : : : .
. 30000 40000 %0 1 versal cireumcision. » Our simulations, based on published transmissibility 9ular in their very low circumcision rates. Two HIV-2
. T : : : : : : : 35000 e _ : n ; : .y ey e
Unsterile injections serially transmitted SIV between acutely infected people, improving its adapjcatgon . 25000 35000 80 - M tthe cif o have had measurements, show the viability of this process, for ~ 9roups evolved in Cote d’lvoire and none did it in the
° Huntlng intensification, forced labour, social Changes, urbanization, and increased human mOblllty : 20000 25000 70 - ¢ any o € C1UCS ScCm 10 have na R It the GUD levels existina in the critical epoch ( art V) other countries. Thus non-circumecision may have
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