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ABSTRACT
Objectives Building on a wealth of new empirical
data, the objective of this study was to estimate the
distribution of new HIV infections in Morocco by mode
of exposure using the modes of transmission (MoT)
mathematical model.
Methods The MoT model was implemented within a
collaboration with the Morocco Ministry of Health and
the Joint United Nations Programme on HIV/AIDS. The
model was parameterised through a comprehensive
review and synthesis of HIV and risk behaviour data in
Morocco, mainly through the Middle East and North
Africa HIV/AIDS Synthesis Project. Uncertainty analyses
were used to assess the reliability of and uncertainty
around our calculated estimates.
Results Female sex workers (FSWs), clients of FSWs,
men who have sex with men (MSM) and injecting drug
users (IDUs) contributed 14%, 24%, 14% and 7% of
new HIV infections, respectively. Two-thirds (67%) of
new HIV infections occurred among FSWs, clients of
FSWs, MSM and IDUs, or among the stable sexual
partners of these populations. Casual heterosexual sex
contributed 7% of HIV infections. More than half (52%)
of HIV incidence is among females, but 71% of these
infections are due to an infected spouse. The vast
majority of HIV infections among men (89%) are due to
high-risk behaviour. A very small HIV incidence is
predicted to arise from medical injections or blood
transfusions (0.1%).
Conclusions The HIV epidemic in Morocco is driven by
HIV incidence in high-risk population groups, with
commercial heterosexual sex being the largest
contributor to incidence. There is a need to focus HIV
response more on these populations, mainly through
proactive and sustainable HIV surveillance, and the
expansion and increased geographical coverage of
services such as condom promotion among FSWs,
voluntary counselling and testing, harm reduction and
treatment.

INTRODUCTION
Despite much progress on understanding HIV epi-
demiology globally, the Middle East and North
Africa (MENA) area is the only region where
knowledge of the HIV epidemic continues to be
rather limited. The MENA HIV/AIDS Synthesis
Project has recently provided a description of the
epidemiological profile of the epidemic in
MENA.1–5 Despite very limited transmission in the
general population, the study identified a pattern of
some established but largely emerging HIV epi-
demics in high-risk populations including injecting

drug users (IDUs), men who have sex with men
(MSM) and female sex workers (FSWs), with het-
erogeneity between countries on the relative role of
each of these high-risk populations.1–4

HIV epidemics often show a high degree of het-
erogeneity in epidemic transmission and popula-
tions affected even within any given country.6 7 An
informed response to the epidemic must accommo-
date the variability in HIV patterns to optimise the
use of prevention and treatment resources. As
almost all infections occur when an infected indi-
vidual shares body fluids with an uninfected indi-
vidual, prevention programmes must focus on
addressing the situations in which this is happen-
ing.8 9 Careful analysis of the patterns of HIV
transmission must be conducted to inform policy
decisions through a framework of ‘know your epi-
demic; know your response.’10

Mathematical modelling and epidemiologic syn-
thesis are increasingly being used to inform health
policy, including the design of prevention pro-
grammes and allocation of resources for HIV
control.1 11 12 This approach emphasises the
importance of fine-grained analyses of the dynam-
ics of HIV infection in a given population, and pro-
vides a systematic basis for defining national policy
recommendations and strategic plans.12 The
approach consolidates our knowledge of the
current situation of infection transmission, and can
also identify gaps in evidence and evaluate the data
availability and quality about specific risk factors or
modes of exposure.12

Morocco is one of the few countries in the
MENA region that has made significant strides in
building its HIV research capacity. Building on a
wealth of newly available data, we used the modes
of transmission (MoT) mathematical model to
analyse the distribution of new HIV infections by
mode of exposure in this country. The availability
of a relatively good volume of HIV data, the admir-
able HIV response efforts at the national level in
Morocco in comparison to other MENA countries
and the presence of a highly active civil society and
non-governmental organisations (NGOs) working
on HIV prevention and treatment services have
facilitated the MoTwork in this country. This is the
first MoT analysis to be conducted in the MENA
region.

METHODOLOGY
Review of available data on HIV in Morocco
Data and studies on HIV epidemiology in Morocco
were identified predominantly through the MENA
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HIV/AIDS Synthesis Project.1 2 Additional data were provided
through the Morocco Ministry of Health.

The MENA HIV/AIDS Epidemiology Synthesis Project
included a comprehensive review and synthesis of all available
biological, behavioural and contextual data about HIV in the
MENA region.1 2 The project was conducted through a joint
partnership with the World Bank, the MENA Regional Support
Team of the Joint United Nations Programme on HIV/AIDS
(UNAIDS) and the Eastern Mediterranean Regional Office of
the WHO. The Synthesis Project covered all countries in the
MENA region, including Morocco, and analysed a large
number of published and unpublished data sources. The meth-
odology, including the search strategies of each data source in
the Synthesis Project, has been described in previous publica-
tions,1 2 and some of these details can be found in Section 1 of
the online supplementary information.

The Morocco-specific data were extracted through the
Synthesis Project and were complemented by additional recent
data provided by the Morocco Ministry of Health and via an
updated literature search of the scientific literature. Details of
the data sources, studies included and the findings of the
Morocco HIV epidemiological review of literature can be found
in a UNAIDS report13 and a review article.14 In summary, the
Morocco-specific data included: (1) articles published in the sci-
entific literature; (2) unpublished reports of studies conducted
in Morocco; (3) data provided by the Morocco Ministry of
Health such as sentinel surveillance data and notified HIV/AIDS
cases; and (4) HIV prevalence measures retrieved from data-
bases of biological markers such as the US Census Bureau
Database,15 among others. Studies were of different designs and
sample size, and were conducted in different general and high-
risk populations, and in different parts of Morocco.13 14

The MoT model
The MoT model’s structure
The MoT model was used to estimate the expected short term
incidence of HIV infections among the adult population stratified
by mode of exposure.12 16 17 The model was developed by the
UNAIDS Reference Group on Estimates, Modelling and
Projections. It uses input data on the current prevalence of HIV
infection, the number of individuals in specific risk groups and
the risk of exposure to infection within each risk group to esti-
mate the contribution of the different risk groups in the popula-
tion to HIV incidence over a period of 1 year. The model
assumes the binomial function18 in terms of the number of

partners and number of contacts with each partner to estimate
the risk of infection for a susceptible individual in any particular
risk group. Individuals are classified according to their levels of
risk behaviour. The definitions of each of these population
groups are summarised in table 1. The model is implemented in a
standardised template in Excel, which can be modified as neces-
sary, where parameter values are inserted for a direct calculation
of the key estimates. Further details of the model structure can be
found on the UNAIDS website.17

MoT model parameterisation
The parameters of the model were chosen based primarily on
available HIV epidemiologic evidence in Morocco, complemen-
ted with data from other MENA countries retrieved through the
Synthesis Project, global HIV data and consensus agreement of
national stakeholders for the values and ranges of plausibility
for the parameters (see section 2 of the online supplementary
information). In many cases, the final parameter value used was
a representative or reasonable value based on a combination of
the data sources mentioned above.

Table S2.1 of the online supplementary information sum-
marises the biological parameters that were used in the MoT
model, including the transmission probabilities per type of
exposure act and the effect of male circumcision on the prob-
ability of HIV transmission. Note that we have incorporated the
effect of sexually transmissible infections on the probability of
HIV transmission per coital act implicitly. Hence the effect of
sexually transmissible infections as a biological cofactor on
transmission probability was not included explicitly in the
model’s structure. This choice reflects the findings of an exten-
sive systematic review and meta-analysis of the probability of
HIV transmission per coital act.19 20

The key demographic attributes for Morocco can be found in
table S2.2 of the online supplementary information. The calcu-
lations, justifications and sources of data used for estimating
population sizes of each risk group can be found in table S2.3
of the online supplementary information. The justifications and
sources of data used for estimating HIV prevalence among each
of the risk groups can be found in table S2.4 of the online sup-
plementary information. Risk behaviour parameters, including
the number of partnerships, number of acts of exposure and
percentage of acts of exposure that are protected, are presented
in tables S2.5 of the online supplementary information, along
with their justifications and the sources of data used for their
estimation.

Table 1 Definitions used in the model to classify individuals according to risk behaviour

Risk group Definition

High risk populations Individuals who are IDUs, MSM or FSWs
Most at risk network Individuals who engage in a risk network of IDUs, MSM or FSWs and their clients
Individuals engaging in casual heterosexual sex (intermediate risk group) Individuals who have had more than one sexual partner in the last year
Partners of IDUs, partners of clients of FSWs, female partners of MSM,
partners of individuals engaging in casual heterosexual sex

Individuals who have had one sexual partner in the last year and whose partners are allocated to
the IDUs, clients of FSWs, MSM or casual heterosexual sex risk groups

Individuals engaging in low-risk heterosexual sex Individuals who have had one heterosexual sex partner in the last year and their partners have
also had only one heterosexual sex partner in the last year. This group consists of individuals in
monogamous partnerships who are faithful to their partners and their partners are faithful to
them, and their partners are neither IDUs nor men MSM

Individuals at no risk Individuals who have had no sexual partners in the last year. This may be a result of primary
abstinence (never had sexual intercourse) or secondary abstinence (had sexual intercourse in the
past but not currently sexually active)

IDU, injecting drug user; MSM, men who have sex with men; FSW, female sex worker
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MoT uncertainty analysis
There are uncertainties in the values of the model parameters
due to a lack of studies measuring specific input parameters,
limitations in the quality of studies used to provide input data,
variation in estimates between studies, and/or variation in the
power, representativeness and generalisability of study estimates.
Therefore, we conducted an uncertainty analysis to assess the
reliability of and uncertainty around our calculated estimates by
using the uncertainty module of the MoT model that was devel-
oped by John Stover from the Futures Institute.21

We varied the model parameters simultaneously and ran-
domly within a range of uncertainty for each parameter. The
range of plausibility for the total annual incidence was deter-
mined by the predicted range of HIV incidence obtained from
the UNAIDS SPECTRUM model22 as applied for Morocco in
2010.23 The median of all selected plausible outputs was then
calculated and the uncertainty was described by plausibility
bounds, defined as the 2.5 and 97.5 percentiles.

RESULTS
Risk group size estimates, calculated in terms of population size
and the overall prevalence of each specific risk behavior, are
summarised in table 2. The key predictions of the MoT model
are listed in table 3, and the results of the analyses of the MoT
predictions are tabulated in table 4. Table S3.1 of the online
supplementary information shows the spreadsheet of the MoT
model with results.

Commercial heterosexual sex (CHS) networks are the largest
of the three most at-risk networks (MARNs), comprising an esti-
mated 66 859 FSWs and 668 588 clients (table 2). Male
same-sex sexual networks rank second, with 44 573 MSM,
while IDUs form the smallest high-risk population, consisting of
18 500 persons (table 2). Nearly 5% of the Moroccan 15–
49-year-old age group (8.2% of males and 0.8% of females)
engage in high-risk behaviour as part of at least one MARN
(table 4). During any given year, 10.2% of the population
(18.2% of males and 2.3% of females) engage in intermediate
to high-risk behaviour (FSWs and their clients, MSM, IDUs and
people engaging in casual heterosexual sex; table 4).

An estimated 367 836 persons (2.1% of the 15–49-year-old
age group) are spouses or regular partners (predominantly
women) who may be vulnerable to HIV infection as their sexual
partners engage in some form of risk behaviour in MARNs

(table 4). Similarly, table 2 shows an estimated 452 411 spouses
or regular partners (2.5% of the 15–49-year-old age group)
who may be vulnerable, though at substantially reduced risk,
because their partners engage in casual heterosexual sex.

The distribution of new HIV infections by mode of exposure
is presented in table 3 and is schematised in figure 1 along with
the uncertainty around the model predictions. The largest share
of HIV incidence in any one risk group occurs among the
low-risk heterosexual population (26%; 95% CI: 18–38%), fol-
lowed by clients of FSWs (24%; 95% CI: 13–32%) and FSWs
(14%; 95% CI: 8–20%). MARNs, along with the stable sexual
partners of their members, predominantly drive the epidemic
and contribute a total of at least 67% (95% CI: 55–76%) of
HIV infections. Of this sum, CHS networks contribute 46%
(95% CI: 31–57%) of incident infections, followed by MSM
networks (14%; 95% CI: 8–25%) and IDU networks (7%; 95%
CI: 4–13%). The remaining one-third of HIV incidence is dis-
tributed among the rest of the population groups, including
people engaged in casual heterosexual sex and their stable part-
ners (7%; 95% CI: 4–11%), the low-risk population (26%;
95% CI: 18–38%), and medical injections or blood transfusions
(0.11%; 95% CI: 0.08–0.15%) (table 3 and figure 1). It is esti-
mated that 71% of all HIV infections among women are due to
an infected spouse (table 4) and that slightly more than half
(52%) of Morocco’s HIV incidence is among females (table 3).
Meanwhile, 89% of new HIV infections among men are due to
engagement in some form of risk behaviour as part of a MARN
(table 4).

The highest incidence rate is predicted to be among IDUs at
1.07% per person-year, followed by MSM at 1.04% and then
by FSWs at 0.74% (table 3). Although HIV incidence rate is
very small in the low-risk population at only 0.01% per person-
year, the actual number of new infections is largest at 906 HIV
cases per year. This is explained by the fact that this risk group
comprises most of the sexually active population in Morocco.
The incidence rate estimates suggest that HIV prevalence may
reach, at endemic equilibrium, levels as high as roughly 13%
among IDUs, 13% among MSM and 9% among FSWs (table
3). However, HIV prevalence in the 15–49-year-old age group
of the overall population is likely to remain low and not reach a
value close to 1%. These projections are derived by assuming
that the current incidence rates will stay at this constant level
and will not increase or decrease.

Table 2 Risk group size estimate for each HIV risk group in the Morocco modes of transmission model

Population Prevalence of risk Population size estimate

Total (%) Male (%) Female (%) Total Male Female

IDUs 0.10 0.19 0.02 18 500 16 576 1924
Stable sexual partners of IDUs 0.05 0.01 0.09 9250 962 8288

FSWs 0.38 – 0.75 66 859 – 66 859
Clients of FSWs 3.75 7.50 – 668 588 668 588 –

Stable sexual partners of FSWs’ clients 1.96 – 3.92 349 671 – 349 671
MSM 0.25 0.50 – 44 573 44 573 –

Stable female partners of MSM 0.05 – 0.10 8915 8915
People engaged in casual heterosexual sex 5.75 10.00 1.50 1 025 168 891 450 133 718
Stable partners of people engaged in casual heterosexual sex 2.54 0.08 5.00 452 411 6686 445 725

People with low-risk heterosexual sex 57.67 61.73 53.61 10 282 092 5 502 766 4 779 326
People with no-risk heterosexual sex this year 27.50 20.00 35.00 4 902 975 1 782 900 3 120 075
Population at risk of medical injections 100.00 100.00 100.00 17 829 000 8 914 500 8 914 500
Population at risk of blood transfusions 0.20 0.20 0.20 35 658 17 829 17 829

IDU, injecting drug user; FSW, female sex worker; MSM, men who have sex with men
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DISCUSSION
The sizes of the high-risk populations in Morocco relative to
the adult population are somewhat comparable to those in other
MENA countries.1 The prevalence of injecting drug use in
Morocco is about half of the average prevalence of injecting
drug use in MENA countries (0.23 per 100 adult),1 24 and sub-
stantially lower than the average prevalence globally (0.06–
1.50%).25 The prevalence of sex work among women is in the
intermediate to the high range compared to other MENA coun-
tries (0.1–1.0 per 100 adult women),1 2 but lower than that in
other regions (0.1–7.4 per 100 adult women).26 The prevalence
of male same-sex anal sex appears to be comparable to other
countries in the MENA region4 and globally (W. McFarland,
personal communication,2008)27–29 (2–3 per 100 men).

Almost 5% of the Moroccan adult population is at elevated
risk of HIV infection, being FSWs or clients of FSWs, MSM or
IDUs, compared to the rest of the population. Moreover, about
5% of the adult population appears to engage in casual hetero-
sexual sex, putting them at an intermediate risk of HIV infec-
tion. Almost 90% of the population who engages in
intermediate- to high-risk behaviours are males.

FSWs and their clients, MSM and IDUs are the core drivers
of the HIV epidemic in Morocco contributing, with their stable
sexual partners, two-thirds of the total HIV incidence, while
comprising only 6.5% of the total adult population in
the country. HIV incidence among FSWs, their clients and the
stable sexual partners of the clients alone contributes about half
of new HIV infections every year. MSM and IDUs combined
contribute just about 20% of HIV incidence every year. Despite
the relatively large number of people engaged in casual hetero-
sexual sex, the contribution of this mode of exposure to total
HIV incidence is small, at about 7%. Though the low-risk popu-
lation contributes 26% of new HIV infections, this HIV trans-
mission is occurring among stable discordant couples where the
HIV-infected index partner is transmitting the infection to his/
her spouse. The infected index partner has probably acquired
the infection in the past through engagement in high-risk behav-
iour as part of a MARN. Given the levels of risk behaviour in
the general population and the context of HIV infection in

MENA countries,1 2 it is unlikely that there is or will be a sub-
stantial HIV epidemic among the general population in
Morocco in the foreseeable future.

MoT analyses have been conducted in multiple countries
around the world. The results show large variations between
and within regions.30 For example, in sub-Saharan Africa, much
of the incidence occurs among general population groups
including transmissions in stable sero-discordant couples.30 In
other settings where the HIV epidemics are driven largely by
high-risk populations, there is variability as to which population
group is dominant. For example, in the Americas, MSM are
usually the leading contributors to HIV incidence, while in West
Africa and Eastern Europe, sex work and injecting drug use,
respectively, are the main drivers. In MENA countries other
than in Morocco, an MoT has been conducted only in Iran.30

The analysis indicated that IDU networks are the main driver of
the HIV epidemic in Iran, accounting for 68% of new HIV
infections.30 The large contribution of CHS networks in
Morocco is therefore a key feature that is shared, based on a
substantial volume of epidemiological data, only by few other
MENA countries.1 2 4 24 In a large fraction of MENA countries,
injecting drug use and anal sex between males are the main
drivers of much of the endemic HIV transmission.1 2 4 24

There are several reasons that may explain the rather low inci-
dence of HIV in Morocco compared to other settings. These
include the nature of sexual networks in this country in consid-
eration of the prevailing sexually conservative socio-cultural
norms1 2 and the prevention efforts implemented in Morocco
by governmental actors and NGOs, particularly in CHS net-
works. Male circumcision, shown to have about 60% efficacy
against HIV acquisition among men in three randomised clinical
trials,31–33 is another key reason. Using the MoT model, we esti-
mated that male circumcision, which is universal in Morocco,
has prevented about 32% of HIV infections in the population
(results not shown). The current HIV incidence among clients
of FSWs is only 41% of the incidence that would have occurred
if male circumcision was not practiced in Morocco. Male cir-
cumcision is likely to be one of the reasons behind the relatively
low intensity of HIV transmission in CHS networks despite

Table 3 Key predictions of the modes of transmission model for Morocco

Population

HIV
prevalence
(%)

Number
of PLHIV

HIV
incidence

Percentage of
total incidence
(%)

Incidence
among
males

Incidence
among
females

Incidence of
females/
total (%)

HIV incidence/
person-year
(%)

Endemic
prevalence
(forecast) (%)*

IDUs 2.00 370 197 5.72 177 21 10.4 1.07 11.34
Sexual partners of IDUs 1.00 93 28 0.82 3 25 89.6 0.31 3.54

FSWs 2.00 1337 497 14.41 0 497 100.0 0.74 8.19
Clients 0.50 3343 821 23.81 821 0 0.0 0.12 1.45
Partners of clients 0.25 874 268 7.78 0 268 100.0 0.08 0.91

MSM 2.00 891 465 13.49 465 0 0.0 1.04 11.13
Female partners of MSM 1.00 89 27 0.79 0 27 100.0 0.30 3.52

Casual heterosexual sex 0.22 2255 82 2.39 72 11 13.0 0.01 0.10

Partners of casual
heterosexual sex

0.11 498 152 4.40 2 149 98.5 0.03 0.40

Low-risk heterosexual sex 0.08 8431 906 26.29 101 805 88.9 0.01 0.11
No risk heterosexual sex 0.03 1430 0 0.00 – – – – –

Medical injections 0.11 – 3 0.10 2 2 50.0 0.00 0.00
Blood transfusions 0.03 – 0 0.01 0 0 50.0 0.00 0.01
Total adult population 0.11 19 612 3446 100.0 1641 1805 52.4 0.02 0.23

*Forecast assuming the current HIV incidence as predicted by the MoT model.
PLHIV, people living with HIV/AIDS; IDU, injecting drug user; FSW, female sex worker; MSM, men who have sex with men
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prevailing high-risk behaviours. It is also, by its differential pro-
tective effects that favour males, one of the reasons that HIV
incidence among women is about equal to that of men, even
though about 90% of the high-risk behaviour in Morocco is
practiced by men.

The MoT model predictions show that men and women con-
tribute nearly equally to HIV incidence, in agreement with the

distribution among notified cases (see table S4.1 of the online
supplementary information). However, about 70% of women
who become infected with HIV are predicted to acquire the
infection from their regular sexual partners, highlighting the
vulnerability of women in sero-discordant partnerships. This
pattern is also seen in the rest of the MENA countries, where
the vast majority of HIV infections among women are due to
acquisitions from an infected spouse.1

One prediction of the MoT model appears to contradict the
distribution of notified HIV/AIDS cases by risk factor (shown in
table S4.1 of the online supplementary information). Among
notified cases, 63% of women report multiple sexual partners as
the risk factor (these women are largely believed to be FSWs)
versus only 25% who report acquiring the infection from an
infected husband. Apart from for blood donors and military
recruits, there is virtually no mandatory or routine HIV testing
in Morocco. Voluntary counselling and testing (VCT) coverage
continues to be limited in Morocco, but FSWs are by far the
leading beneficiaries of VCT services (about 25% of VCT atten-
dees are FSWs).34 This probably explains the higher diagnosis
rate among FSWs, leading to a higher contribution among noti-
fied cases.

Parenteral HIV transmissions besides injecting drug use, such
as through medical injections or blood transfusions, are pre-
dicted to be rare thanks to universal blood screening and
adequate precautions in the use of medical injections. The
rather low prevalence hepatitis C virus in the general population
(see table S4.2 of the online supplementary information), which
is a proxy for HIV parenteral transmission,35 36 also suggests
that this mode of exposure is unlikely to be a major concern for
HIV transmission in Morocco.

The limitations in our study arise from the limitations of the
MoT model structure and, more importantly, limitations in the
data input used to parameterise the model. The MoT model
does not incorporate overlapping risk factors and calculates
HIV incidence over the short-term (only 1 year). It cannot
adequately capture the secondary HIV transmission effects
arising from the onward transmission and percolation of HIV
infection in the population. It also assumes an average risk
behaviour rather than a distribution of risk behaviour within
each risk group. It does not account for exogenous HIV expo-
sures (linked to travel abroad), which tend to contribute a con-
siderable fraction of HIV incidence in the MENA region.1

However, less than 2% of HIV notified cases identified in
Morocco are among Moroccans who live outside of Morocco
or who have lived outside Morocco.34 Finally, a key limitation
of this model in relation to Morocco specifically is that it is
applied at the national rather than regional or local levels, and
therefore the model is not optimised for addressing the hetero-
geneity of HIV transmission in this country. The ability to

Table 4 Results of the analyses of the findings of the modes of
transmission model for Morocco

Finding Proportion

Infections originating from:
CHS networks 46.0%
MSM networks 14.3%
IDU networks 6.5%
Three most at risk networks (CHS, MSM, IDUs) 66.8%
Casual heterosexual sex networks 6.8%
Discordant partnerships in the low-risk general population 26.3%
Parenteral transmissions other than injecting drug use 0.1%

Infections among:
Women due to an infected spouse 70.7%
Men due to high-risk behaviour (CHS, MSM, IDUs) 89.1%
Partners of high-risk individuals 13.8%

Population engaged in high-risk behaviour (CHS, MSM, IDUs):
Males 8.2%
Females 0.8%
Adult population 4.5%
Fraction of males among population engaged in high-risk
behaviour

91.4%

Fraction of females among population engaged in high-risk
behaviour

8.6%

Population engaged in high-risk behaviour (CHS, MSM, IDUs) or casual
heterosexual sex:
Males 18.2%
Females 2.3%
Population 10.2%
Fraction of males among people engaged in high-risk behaviour
or casual heterosexual sex

88.9%

Fraction of females among people engaged in high-risk
behaviour or casual heterosexual sex

11.1%

Partners of persons engaged in high-risk behaviour (CHS, MSM, IDUs):
Number 367836
Fraction of adult population 2.1%

Partners of persons engaged in high-risk behaviour (CHS, MSM, IDUs) or casual
heterosexual sex:
Number 820247
Fraction of adult population 4.6%

CHS, commercial heterosexual sex; MSM, men who have sex with men; IDU, injecting
drug user

Figure 1 Distribution of new HIV
infections by mode of exposure
including the uncertainty in the modes
of transmission model predictions for
Morocco. Access the article online to
view this figure in colour.
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expand the application of this model at the provincial or city
level in the future remains contingent on the availability of suffi-
cient data to parameterise the model at the regional or local
level.

The uncertainty analysis conducted on our model predictions
suggest that there are considerable uncertainties in the quantita-
tive predictions of our model due to the limitations in the data
input used to parameterise the model. Morocco is one of the
leading MENA countries in terms of the availability of
HIV-related scientific evidence. Still, the limitations in our
knowledge of the model parameters, due to a lack of scientific
data or the limited quality or representativeness of studies,
hinder our ability to make quantitatively concrete estimates.
There are multiple limitations in HIV prevalence measures, risk
group size estimates, and sexual and injecting risk behaviour
measures. Given the uncertainties around the model parameters,
we cannot make definitive statements on the size and nature of
HIV epidemic transmission in Morocco.

Multiple sources of evidence were used to arrive at the model
parameter values in order to have more confidence in the model
data input. The overall picture emerging from our analysis, that
of MARNs driving the HIV epidemic in Morocco, is likely to be
robust against data input uncertainties. Evidence delineated in a
review of HIV epidemiological data in Morocco is consistent
and substantiate the findings of the MoT model.13 Our model
findings for the year 2010 also agree well with the findings of
the SPECTRUM model for Morocco for the year 2009.37 The
range of HIV incidence levels predicted by the MoT model are
comparable to those predicted by the SPECTRUM model
(2512–4378 in the MoT model vs 1200–5800 in SPECTRUM).
However, the MoT model predicted a somewhat smaller
number of people living with HIV than estimated by the
SPECTRUM model (19 612–26 000 in MoT vs 19 000–34 000
in SPECTRUM).37

RECOMMENDATIONS
Scientific research efforts in Morocco should focus on filling the
gaps in our knowledge of the HIV epidemic in this country. The
key gap is precise, and representative data on HIV prevalence,
risk group size estimates and risk behaviour measures among
IDUs, MSM, FSWs and their clients are needed. There is an
immediate need to conduct representative and multi-centre inte-
grated bio-behavioural surveillance surveys studies among high-
risk populations using state-of-the-art sampling methodologies
for hidden and hard-to-reach populations, such as respondent-
driven sampling.38 Such surveys need to be repeated every few
years to monitor trends and possibly to evaluate interventions.
Mapping and improved risk group size estimation of high-risk
populations are also a priority for HIV research and for the
quantitative assessment of HIV epidemiology and trends in
Morocco. A better understanding of the different typologies of
these population groups (eg, street-based vs brothel-based
FSWs) is warranted. The structural and vulnerability factors that
lead some women to sex work need also to be understood well.
Studies on high-risk populations should have broad national
coverage to address the geographic heterogeneity in HIV trans-
mission across the country, and this heterogeneity needs to be
sufficiently characterised.

A population-based sexual behaviour survey of a nationally
representative sample is also warranted to establish concrete
data on sexual partnership formation, the nature of partner-
ships, the prevalence of casual heterosexual sex, the prevalence
of sex work, the prevalence of contacts with FSWs, the

prevalence of injecting drug use, the prevalence of male to male
sexual contacts and coital frequency within different kinds of
partnerships.

Morocco has made admirable strides in responding to the
HIV epidemic and is probably the Arab country with the most
developed HIV surveillance system, research capacity and
response.1 For example, the levels of condom use among FSWs
in this country are among the highest in the MENA region.1

However, despite these efforts, the overall response remains
insufficient to meet current needs. An example of the low cover-
age of prevention efforts is the region of Souss Massa Draa, the
region most affected by HIV. In this region in 2010, there were
about 62 HIV tests performed per 1000 FSWs and only 17
condoms distributed per FSW.39 The estimated antiretroviral
therapy coverage was only 51%.39 Barriers to the expansion of
coverage of services, such as condom distribution among FSWs
by NGOs, need to be addressed.

It is essential to focus HIV response and programming on the
groups at high risk of HIV infection: FSWs and their clients,
MSM and IDUs. HIV counselling, testing and treatment services
need to expand aggressively among these population groups. By
expanding HIV testing, HIV-infected individuals who are not
aware of their infection can be identified and linked to treat-
ment, which is provided by the Moroccan Ministry of Health.
The expansion of outreach and prevention programmes among
MSM is urgently needed and can be done by building on the
success of these programmes among FSWs. Rapid expansion of
harm reduction programmes is essential in areas where injecting
drug use is an important mode of transmission, such as in the
north of Morocco. HIV response must be tailored to the nature
of HIV transmission across the different parts of the country,
with priority given to the risk groups and geographic settings
where HIV is already endemic.

CONCLUSION
Our study indicates that HIV incidence among CHS networks is
the leading driver of the epidemic. The HIV epidemic in CHS
networks appears to be more intense than in most other MENA
countries, though it is rather stable and is not at a concentrated
level at the national level.1–3 However, there is a possibility that
there could be hidden HIV epidemics among IDUs and MSM in
Morocco that have not yet been captured by the surveillance
infrastructure in this country.

There is very limited HIV transmission in the general popula-
tion, with most HIV transmissions in this part of the population
likely to be linked directly to transmissions originating in
MARNs. It is possible that over the next decade, the HIV epi-
demic in Morocco may expand among FSWs and their clients,
MSM and IDUs, and we may witness concentrated HIV epi-
demics in some of the high-risk populations in at least parts of
the country. Recent data suggest that there is a concentrated
HIV epidemic among IDUs in Nador in the north of
Morocco,40 and among FSWs and MSM in Agadir in the
south.14 HIV counselling, testing and treatment coverage among
high-risk populations is still far below what is needed and needs
to be expanded. The new HIV/AIDS National Strategic Plan has
fixed ambitious targets to expand VCT services across Morocco
and to ensure universal access. Despite the laudable progress of
HIV efforts in Morocco relative to other MENA countries,
there are still large gaps in our knowledge of the epidemic.
Scientific research efforts must be enhanced, in line with the
research priorities, in order to facilitate an evidence-informed
HIV policy.
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Key messages

▸ Commercial heterosexual sex networks are the leading driver
of the HIV epidemic in Morocco. Sexual networks of men
who have sex with men and injecting networks of injecting
drug users also contribute considerably to HIV incidence.

▸ Most risk behaviours are practiced by men. Half of the
incident HIV infections are among women, but most women
acquire their infection from their infected spouses.

▸ HIV response in Morocco needs to focus on high-risk
populations through the expansion of outreach efforts and
HIV services such as HIV counselling, testing and treatment.

▸ HIV surveillance and scientific research efforts must be
enhanced, in line with data gaps identified in this analysis,
to facilitate an evidence-informed HIV policy.
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1. FURTHER DETAILS ON DATA REVIEW 

The following material describes the different data sources and the details of the search criteria 

for the comprehensive review of HIV in the Middle East and North Africa (MENA) undertaken 

as part of the MENA HIV/AIDS Epidemiology Synthesis Project.[1, 2] The Synthesis Project 

was the main source of data for our study. The project identified and retrieved data through an 

extensive search of evidence on HIV and related outcomes over a span of nearly a decade so far. 

The sources of data included:  

1. Scientific literature search of PubMed (Medline) using a strategy with both free text and 

MeSH headings, and with no language or year limitations. The following set of criteria were 

used as part of the search of PubMed: 

 Studies of HIV infectious spread in its different modes of transmission under the strategy of ("HIV 

Seropositivity" OR "HIV" OR "HIV Infections") AND ("Middle East" OR "Islam" OR "Arabs" OR "Arab 

World" OR "Africa, Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR 

"Pakistan").  

 Studies of sexual behavior and levels of risk behavior under the strategy of ("Sexual Behavior" OR "Sexual 

Partners" OR "Sexual Abstinence" OR "Unsafe Sex" OR "Sexology" OR "Reproductive Behavior" OR 

"Safe Sex" OR "Condoms" OR "Sex") AND ("Middle East" OR "Islam" OR "Arabs" OR "Arab World" 

OR "Africa, Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR "Pakistan").  

 Studies of herpes simplex virus type 2 sero-prevalence under the strategy of ("Herpesvirus 2, Human" OR 

"Herpes Genitalis") AND ("Middle East" OR "Islam" OR "Arabs" OR "Arab World" OR "Africa, 

Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR "Pakistan").  

 Studies of human papillomavirus and cervical cancer under the strategy of "Papillomavirus Infections" OR 

"Uterine Cervical Neoplasms") AND ("Middle East" OR "Islam" OR "Arabs" OR "Arab World" OR 

"Africa, Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR "Pakistan").  
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 Studies of bacterial sexually transmitted infections under the strategy of ("Chlamydia" OR "Chlamydia 

Infections" OR "Chlamydia trachomatis" OR "Gonorrhea" OR "Neisseria gonorrhoeae" OR "Syphilis" OR 

"Vaginosis, Bacterial" OR "Pelvic Inflammatory Disease") AND ("Middle East" OR "Arabs" OR "Islam" 

OR "Arab World" OR "Africa, Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR 

"Pakistan").  

 Studies of hepatitis C virus under the strategy of ("Hepatitis C" OR "Hepatitis C Antibodies" OR "Hepatitis 

C Antigens") AND ("Middle East" OR "Islam" OR "Iran" OR "Arabs" OR "Arab World" OR "Africa, 

Northern" OR "Mauritania" OR "Sudan" OR "Somalia" OR "Djibouti" OR "Pakistan").  

2. Peer-reviewed publications published in local and regional research journals not indexed in 

PubMed.  

3. Country-level reports and databases, governmental and non-governmental organizations’ 

studies and publications, as well as other institutional reports related to HIV and sexually 

transmitted infections (STIs) in MENA. These include also countries’ case notification reports.  

4. International organizations’ reports and databases related to HIV and other STIs. Among the 

organizations from which we obtained reports and data are UNAIDS, WHO, World Bank, 

United Nations Children's Fund (UNICEF), United Nations Office on Drugs and Crime 

(UNODC), International Agency for Research on Cancer (IARC), International Organization for 

Migration (IOM), International Centre for Prison Studies (ICPS), Office of the UN High 

Commissioner for Refugees (UNHCR), Population Reference Bureau (PRB) and Family Health 

International (FHI). The US Census Bureau database of HIV/AIDS, a compilation of global HIV 

prevalence studies irrespective of collection methodology, was searched,[3] so was the 

WHO/EMRO HIV testing database.[4] Demographic and Health Survey (DHS) reports of 

MENA countries were also reviewed.  

5. Consultations with key experts, public health officials, researchers, and academics in the 

region and beyond. 
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Studies and data sources were retrieved through the above searches and screened for relevance. 

The criteria for inclusion were the presence of a biological measurement of HIV or STIs or any 

related sexual or injecting behavioral data. For further reassurance that no relevant study was 

missed as part of the MENA comprehensive search, we repeated the Medline search for HIV 

infection using criteria specific to Morocco.  

 

2. MODES OF TRANSMISSION (MoT) MODEL PARAMETRIZATION 

The main sources of data for the parameter choices were: 

1. The review of HIV epidemiological evidence in Morocco.  

2. The Synthesis Project review of HIV epidemiology in other MENA countries.[1, 2] This 

latter review is referred to in the parameters tables as ‘SMENA: Studies in other MENA 

countries’. 

3. Global HIV data, referred to as ‘GA: Global analyses’.   

4. Consensus agreement following discussions among HIV/AIDS stakeholders in Morocco 

and the research team during the national MoT workshop that was held in Morocco during 

the course of the MoT work, referred to as ‘CA’. 

The tables below describe the different parameters used in the MoT model, their values, the 

justifications and/or calculations behind their choices, and the sources of data used for their 

estimation. In many cases, the final parameter value used was a representative or reasonable 

value based on a combination of the above data sources. 

 

2.1   Biological parameters 
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Table S2.1 Biological HIV transmission parameters of the MoT model 
Parameter  Value Justification Reference 

Transmission probability per HIV 

exposure from needle sharing 

0.008 Systematic review and meta-analysis of HIV transmission 

probability per coital act in observational studies 

[5, 6] 

Transmission probability per non-

commercial vaginal sex act 

0.0034 Systematic review and meta-analysis of HIV transmission 

probability per coital act in observational studies 

[6, 7] 

Transmission probability per 

commercial vaginal sex act 

0.0051 Systematic review and meta-analysis of HIV transmission 

probability per coital act in observational studies 

[6, 7] 

Transmission probability per anal 

sex act 

0.01 Systematic review and meta-analysis of HIV transmission 

probability per coital act in observational studies 

[6-8] 

Reduction in female to male 

transmission probability per 

vaginal sex act due to male 

circumcision 

60% Finding of three clinical trials [9-11] 

Prevalence of male circumcision 99% More than 99% of the population of Morocco practice 

male circumcision as a religious obligation and based on 

CA  

 

Transmission probability per HIV 

exposure from medical injections 

0.004 Systematic review and meta-analysis of HIV transmission 

probability per injection in observational studies 

[5, 6] 

Transmission probability per HIV 

exposure from blood transfusions 

0.925 Systematic review and meta-analysis of HIV transmission 

probability per transfusion in observational studies 

[5, 6] 

MoT, modes of transmission; CA, consensus agreement in the national MoT workshop. 

 

2.2   Demographic attributes for Morocco 

Table S2.2 Demographic attributes for Morocco 
Parameter  Value Reference 

Total population size in Morocco (TP) 29,891,708 [12] 

Total 15-49 yrs. adult population size (TAP) 17,829,000 [13] 

Male (TMP) 8,914,500 [13] 

Female (TFP) 8,914,500 [13] 

Adult (15-49 yrs.) HIV prevalence 0.11% [14, 15] 
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2.3   Risk group size estimates 

Table S2.3 Risk group size estimate for each HIV risk group in the Morocco MoT model 
Population  Prevalence of risk Population size estimate 

 Total (TAP) Male (TMP) Female (TFP) Total (TAP) Male (TMP) Female (TFP) 

IDUs 0.1% 0.19% 0.02% 18,500 16,576 1,924 

Calculation # IDUs/ TAP (total # IDUs x (1-

fraction of IDUs who 

are female))/ TMP 

(# IDUs x fraction of 

IDUs who are 

female)/ TFP 

  Total # IDUs x (1- 

fraction of IDUs who 

are female)  

Total # IDUs x 

fraction of IDUs who 

are female  

Justification &/or 

reference 

UNODC data[16] Fraction of IDUs who 

are female: 10.4%[17]  

Fraction of IDUs who 

are female: 10.4%[17]  

UNODC data[16] Fraction of IDUs who 

are female: 10.4%[17]  

UNODC data[16] 

Stable sexual 

partners of IDUs 

0.05% 0.01% 0.09% 9,250 962 8,288 

Calculation (Fraction of the TMP 

who are stable sexual 

partners of IDUs + 

Fraction of the TFP 

who are stable sexual 

partners of IDUs) /2 

Prevalence of IDU 

among females x 

fraction of IDUs who 

are in a stable sexual 

partnership 

Prevalence of IDU 

among males x 

fraction of IDUs who 

are in a stable sexual 

partnership 

# of males in a stable 

sexual partnership 

with IDUs + # of 

female in a stable 

sexual partnership 

with IDUs 

# of female IDUs x 

fraction of IDUs who 

are in a stable sexual 

partnership 

# of male IDUs x 

fraction of IDUs who 

are in a stable sexual 

partnership 

Justification &/or 

reference  

 50% of IDUs are in a 

stable sexual 

partnership: RV based 

on SMENA,[1] on 

CA, and on GA 

50% of IDUs are in a 

stable sexual 

partnership: RV based 

on SMENA,[1] on 

CA, and on GA 

 50% of IDUs are in a 

stable sexual 

partnership: RV based 

on SMENA,[1] on 

CA, and on GA 

50% of IDUs are in a 

stable sexual 

partnership: RV based 

on SMENA,[1] on 

CA, and on GA 

FSWs 0.375% -- 0.75% 66,859 -- 66,859 

Calculation Half the prevalence of 

sex work among 

females  

  Prevalence of sex 

work among females 

x TFP 

 Prevalence of sex 

work among females 

x TFP 

Justification &/or 

reference  

  Based on one study 

among hospital 

attendees,[18] in the 

intermediate to high 

range for available 

data in SMENA,[1] 

and based on CA 

   

Clients of FSWs 3.75% 7.5% -- 668,588 668,588 -- 

Calculation Half of the fraction of 

males seeking FSWs 

  Fraction of males 

seeking FSWs x TMP 

Fraction of males 

seeking FSWs x TMP 

 

Justification &/or 

reference  

 Based on CA     
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Table S2.3 continued. Risk group size estimate for each HIV risk group in the Morocco MoT model 

Population  Prevalence of risk Population size estimate 

 Total (TAP) Male (TMP) Female (TFP) Total (TAP) Male (TMP) Female (TFP) 

Stable sexual 

partners of FSWs 

clients 

1.96% -- 3.92% 349,671 -- 349,671 

Calculation Half the fraction 

among females  

 Fraction of TFP who 

are married x fraction 

of the TMP seeking 

FSWs  

Fraction of the TFP 

who are partners of 

FSWs clients x TFP 

 Fraction of the TFP 

who are partners of 

FSWs clients x TFP 

Justification &/or 

reference  

  52.3% of women are 

married in 

Morocco[19] 

   

 MSM 0.25% 0.5% -- 44,573 44,573 -- 

Calculation Half the prevalence of 

MSM among males 

  Prevalence of MSM 

among males x TMP  

Prevalence of MSM 

among males x TMP 

 

Justification &/or 

reference  

 RsV based on 3.7% of 

sexually active youth 

ever having anal sex 

with males,[20] and 

based on SMENA[1] 

and on CA.  

    

Stable female 

partners of MSM 

0.05% -- 0.1% 8,915 8,915  

Calculation Half the fraction of 

women who are 

partners of MSM 

  Fraction of females 

who are partners of 

MSM x TFP 

Fraction of females 

who are partners of 

MSM x TFP  

 

Justification &/or 

reference  

  20% of MSM have 

female partners (RV 

based on SMENA[1] 

and on CA) and 0.5% 

of males are MSM  

   

People engaged in 

casual HS 

5.75% 10% 1.5% 1,025,168 891,450 133,718 

Calculation (Prevalence of casual 

HS among males + 

prevalence of casual 

HS among females) /2  

  

  # of males engaged in 

casual HS + # of 

females engaged in 

casual HS  

Prevalence of casual 

HS among males x 

TMP  

Prevalence of casual 

HS among females x 

TFP  
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Table S2.3 continued. Risk group size estimate for each HIV risk group in the Morocco MoT model 

Population  Prevalence of risk Population size estimate 

 Total (TAP) Male (TMP) Female (TFP) Total (TAP) Male (TMP) Female (TFP) 

Justification &/or 

reference  

 RsV based on the 

measures of sexual 

behavior among the 

general population 

and on CA 

15% of the prevalence of 

casual HS among males, 

based on the study among 

youth where 36% of males 

and 5.2% of females 

declared having ever had 

vaginal sex[20] 

   

Stable partners of 

people engaged in 

casual HS 

2.54% 0.075% 5% 452,411 6,686 445,725 

Calculation (Fraction of males 

who are partners of 

casual HS people + 

Fraction of females 

who are partners of 

casual HS people) / 2 

Fraction of females 

engaged in casual HS 

x fraction of them 

having steady/spousal 

partners 

 

Fraction of males engaged 

in casual HS x fraction of 

them having steady/spousal 

partners 

 

 Fraction of males who 

are stable partners of 

people engaged in 

casual HS x TMP  

Fraction of females 

who are partners of 

people engaged in 

casual HS x TFP  

Justification &/or 

reference  

 Assuming a RsV of 

5% of females 

engaged in casual HS 

having steady/spousal 

partners and based on 

CA 

Assuming a RsV of 50% of 

males engaged in casual HS 

having steady/spousal 

partners and based on CA 

   

People with no risk 

HS this year 

27.5% 20%  35%  4,902,975 1,782,900 3,120,075 

Calculation (Prevalence of no risk 

HS in males + 

prevalence of no risk 

HS among females) /2 

  # of males with 

no risk HS + # 

females with no 

risk HS 

Fraction of the TMP 

with no risk HS x 

TMP 

Fraction of the TFP 

with no risk HS x 

TFP 

Justification &/or 

reference  

 CA and RsV based on 

levels of reported 

sexual activity among 

youth and marriage 

rates in Morocco[20] 

CA and RsV based on 

levels of reported sexual 

activity among youth and 

marriage rates in 

Morocco[20] 

   

People with low 

risk HS 

57.67% 61.73% 53.61% 10,282,092 5,502,766 4,779,326 
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Table S2.3 continued. Risk group size estimate for each HIV risk group in the Morocco MoT model 

Population  Prevalence of risk Population size estimate 

 Total (TAP) Male (TMP) Female (TFP) Total (TAP) Male (TMP) Female (TFP) 

Calculation    # of males engaged in 

low risk HS + # of 

females engaged in 

low risk HS 

Prevalence of low risk 

HS among males x 

TMP  

Prevalence of low risk 

HS among females x 

TFP  

Justification &/or 

reference  

Those who are not in 

any of the previous 

risk group categories 

nor their sexual 

partners/clients 

Those who are not in 

any of the previous 

risk group categories 

nor their sexual 

partners/clients 

Those who are not in 

any of the previous 

risk group categories 

nor their sexual 

partners/clients 

   

Population at risk 

of medical 

injections  

100% 100% 100% 17,829,000 8,914,500 8,914,500 

Justification &/or 

reference  

Assuming all the 

adult population is at 

risk  

Assuming all the 

adult population is at 

risk  

Assuming all the 

adult population is at 

risk  

Assuming all the 

adult population is at 

risk  

Assuming all the 

adult population is at 

risk  

Assuming all the 

adult population is at 

risk  

Population at risk 

of blood 

transfusions 

0.2% 0.2% 0.2% 35,658 17,829 17,829 

Calculation (# of blood donations 

per year / # of 

transfusions per 

person)/ TP 

(# of blood donations 

per year / # of 

transfusions per 

person)/ TP 

(# of blood donations 

per year / # of 

transfusions per 

person)/ TP 

# of blood donations 

per year /# of 

transfusions per 

person 

(# of blood donations 

per year /# of 

transfusions per 

person)/2 

(# of blood donations 

per year /# of 

transfusions per 

person)/2 

Justification &/or 

reference  

203,000 blood 

donations per 

year[21] Average of 3 

transf. per person  

203,000 blood 

donations per 

year[21] Average of 3 

transf. per person  

203,000 blood 

donations per 

year[21] Average of 3 

transf. per person  

   

MoT, modes of transmission; CA, consensus agreement in the national MoT workshop; FSWs, female sex workers; HS, heterosexual sex; GA, global analyses; IDUs, injecting 

drug users; MSM, men who have sex with men; RV, representative value; RsV, reasonable value; TAP, total adult population (15-49 years); TFP, total adult female population 

(15-49 years); TMP, total adult male population (15-49 years); SMENA, studies in other Middle East and North Africa countries; UNODC, United Nations Office on Drugs and 

Crime.  
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2.4   HIV prevalence  

Table S2.4   HIV prevalence for each HIV risk group in the Morocco MoT model 
Population  Value Justification Reference 

IDUs 2%  Representative value based on available point 

prevalence measures and on CA 

Table 2 of [22] 

Stable sexual partners of IDUs 1%  Half of the HIV prevalence among IDUs based on 

CA 

 

FSWs 2%  Representative value based on available point 

prevalence measures and on CA 

Table 2 of [22] 

Clients of FSWs 0.5%  Representative value based on available point 

prevalence measures among STD clinic attendees 

and on CA 

Table 8 of [22] 

Stable partners of clients of FSWs 0.25%  Half of the HIV prevalence among clients based on 

CA 

 

MSM 2%  Representative value based on available point 

prevalence measures and on CA 

Table 2 of [22] 

Females partners of MSM 1% Half of the HIV prevalence among MSM  

People engaged in casual HS 0.22%   Twice the prevalence of HIV in the adult population 

in Morocco and based on available prevalence 

measures among different general population 

groups and on CA 

Table 6 of [22] 

Stable partners of people engaged 

in casual HS 

0.11%  Half of the HIV prevalence among people engaged 

in casual HS 

 

People engaged in low risk HS 0.082%  Average of HIV prevalence among ANC attendees 

and blood donors, and based on CA. 

Table 6 of [22] 

People with no risk HS this year 0.03% The value needed to achieve a 0.1% prevalence 

among the total population 

 

Blood transfusions 0.032% HIV prevalence among blood donors  [21] 
MoT, modes of transmission; ANC, antenatal clinics; FSWs, female sex workers; CA, consensus agreement; HS, heterosexual 

sex; IDUs, injecting drug users; MSM, men who have sex with men; STD, sexually transmitted disease. 
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2.5   Risk behavior parameters 

Table S2.5   Risk behavior parameters for each HIV risk group in the Morocco MoT model  

Risk behavior  Value Justification Reference 

Partnerships, Number per year of:    

IDU partners per IDU 3 CA and representative value based on SMENA and on GA  

Clients/partners per FSW 100  CA and representative value based SMENA and on the following 

specific data from Morocco: In one study, slightly over 50% of FSWs 

had one client during the last working day, 18% had two clients and 

33.3% had less than one client. The average number of clients during the 

last 7 days was 4.3 clients. In another study, 70% of the respondents had 

more than 4 clients per week. 

[23, 24] 

FSW partners per client 4  CA and in order to balance the number of acts between FSWs and clients  

MSM partners per MSM  5 CA and representative value based on SMENA. Also, truck drivers in 

Morocco reported an average of 5 same-sex partners during the last year  

[25] 
 

Partners per person engaged in casual HS 2  Based on CA  

Rate of medical injections per person per year 4.3 Average value for the MENA region [26] 

Number of acts of exposure per year among:    

IDUs (# of shared injections per IDU per year) 50 Representative value based on GA and on CA   

Stable heterosexual sex partners of IDUs (# sex acts 

per stable partner of IDU per year) 

50 Representative value based on GA and on CA. Also, over 80% of women 

seeking antenatal or family planning services had sexual relations at least 

once per week.  

[27] 

FSWs (# of sex acts per partner/client per FSW per 

year) 

4 Representative value based on a total number of coital acts of 400 per 

year or about 1 act per day with a total of 100 partners per year and CA 

 

Clients of FSWs (# of sex acts per FSW per 

partner/client per year) 

10 Based on CA   

Stable heterosexual sex partners of clients of FSWs 

(# of sex acts with stable partner per client of FSW 

per year) 

50 Representative value based on GA and on CA. Also, over 80% of women 

seeking antenatal or family planning services had sexual relations at least 

once per week.  

[27] 

MSM (# of anal sex acts per MSM partner per year) 15 Based on a total number of coital acts of 75 distributed over an average 

of 5 partners per year and CA 

 

Stable female heterosexual sex partners of MSM (# 

of sex acts between the MSM and his stable female 

partner per year) 

50 Representative value based on GA and on CA. Also, over 80% of women 

seeking antenatal or family planning services had sexual relations at least 

once per week.  

[27] 

People engaged in casual HS (# of casual sex acts 

per person engaged in casual HS) 

20 Based on CA  
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Table S2.5 continued. Risk behavior parameters for each HIV risk group in the Morocco MoT model  

Risk behavior  Value Justification Reference 

Stable heterosexual sex partners of people engaged 

in casual HS (# of sex acts between people 

engaged in casual HS and their stable partner) 

50 Representative value based on GA and on CA. Also, over 80% of 

women seeking antenatal or family planning services had sexual 

relations at least once per week.  

[27] 

People engaged in low risk HS (# of sex acts per 

person) 

50 Representative value based on GA and on CA   

Percentage of acts protected     

1) Sharing of needles/equipment among IDUs 50% Based on the prevalence of 63.9% of ever sharing syringes and  

representative value based on SMENA and on GA 

[1, 17] 

2) Condom use among:    

IDUs and their stable heterosexual sex partners 2%  Based on the following DHS data: 11.4% of married women ever 

used a condom for contraception, while 1.5% were currently 

using them as a contraceptive method and on CA. 

[19] 

FSWs and their clients/partners 25% Based on the frequency of condom use in different population 

groups in Morocco and CA 

Table 18 of [22] 

Clients of FSWs and their stable heterosexual sex 

partners 

2%  Based on the following DHS data: 11.4% of married women ever 

used a condom for contraception, while 1.5% were currently 

using them as a contraceptive method and based on CA. 

[19] 

MSM 25% based on the frequency of condom use in different population 

groups in Morocco and on CA 

Table 18 of [22] 

MSM and their female heterosexual sex partners 2%  Based on the following DHS data: 11.4% of married women ever 

used a condom for contraception, while 1.5% were currently 

using them as a contraceptive method and CA. 

[19] 

People engaged in casual HS 25% Based on the frequency of condom use in different population 

groups in Morocco and on CA 

Table 18 of [22] 

People engaged in casual HS and their 

steady/spousal heterosexual sex partners 

2%  Based on the following DHS data: 11.4% of married women ever 

used a condom for contraception, while 1.5% were currently 

using them as a contraceptive method and CA. 

[19] 

People engaged in low risk HS 2%  Based on the following DHS data: 11.4% of married women ever 

used a condom for contraception, while 1.5% were currently 

using them as a contraceptive method and CA. 

[19] 

Percentage of medical injections that are sterile 

and non-shared 

99% Based on CA  

Percentage of blood transfusions that are screened 

for HIV 

99% Based on Blood Bank data and on CA [15] 

MoT, modes of transmission; CA, consensus agreement; DHS, Demographic and Health Survey; FSWs, female sex workers; GA, global analyses; HS, heterosexual sex;  

IDUs, injecting drug users; MSM, men who have sex with men; SMENA, studies in other Middle East and North Africa countries; STI, sexually transmitted infections. 
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3. SUPPLEMENT TO RESULTS 

Here are further results that are referred to in the Results section of the main text.  

Table S3.1 Spreadsheet of the MoT model with results 
Country: Morocco Blue cells: Input necessary Transmission per act

Adult (15-49) population size: 17,829,000 Peach cells: Input optional Male -> female 0.0034     

Adult (15-49) HIV prevalence (%): 0.11% Orange cells: Output Female -> male 0.0014     

Estimated number of PLHIV 19612 Green cells: Need to check data % men circumcised 99.0%

STD cofactor 0

Adult Risk Behaviour Male Female Male Female

Total 

number 

with risk 

behaviour

Prevalence 

of HIV (%)

Number 

HIV+

Prevalence 

of STI (%)

Number of 

partners 

per year

Number of 

acts of 

exposure 

per partner 

per year

Percentage 

of acts 

protected 

(%)

 with STI No STI Incidence
% of 

incidence

Incidence 

per 100,000

Injecting Drug Use (IDU) 0.19% 0.02% 18,500 2.00% 370               0.0% 3 50 50% NA 0.008 197 5.72 1,066

   Partners IDU 0.01% 0.09% 9,250 1.00% 93                 NA 1 50 2% -            0.0034     28 0.82 306

Sex workers 0.75% 66,859 2.00% 1,337           0.0% 100 4 25% -            0.0051     497 14.41 743

   Clients 7.50% 668,588 0.50% 3,343           0.0% 4 10 25% -            0.0021     821 23.81 123

   Partners of Clients 3.92% 349,671 0.25% 874               NA 1 50 2% -            0.0034     268 7.78 77

MSM 0.50% 44,573 2.00% 891               0.0% 5 15 25% -            0.0100     465 13.49 1,043

   Female partners of MSM 0.10% 8,915 1.00% 89                 NA 1 50 2% -            0.0034     27 0.79 304

Casual heterosexual sex 10.00% 1.50% 1,025,168 0.22% 2,255           0.0% 2 20 25% -            0.0016     82 2.39 8

   Partners CHS 0.08% 5.00% 452,411 0.11% 498               NA 1 50 2% -            0.0034     152 4.40 34

Low-risk heterosexual 61.73% 53.61% 10,282,092 0.08% 8,431           0.0% 1 50 2% -            0.0023     906 26.29 9

No risk 20.00% 35.00% 4,902,975 0.03% 1,430           0.0% 0 0 0 0.00 0

Medical injections 17,829,000 0.11% NA 4 1 99% NA 0.004 3 0.10 0

Blood transfusions 0.20% 0.20% 35,658 0.03% NA 1 1 99% NA 0.925 0 0.01 1

TOTAL ADULT POPULATION 100% 100% 17,829,000 0.11% 19,612         Total incidence 3,447 19

Total incidence in partners of high-risk individuals 475 13.783 58

Use either method 1 or 2 to determine number with risk 

behaviour for each group (column F).

Transmission 

probability per risky 

exposure act

Method 2: Population 

with risk behaviour

Method 1: Percent of population 

with risk behaviour (%)

 
MoT, modes of transmission. 
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4. SUPPLEMENT TO DISCUSSION 

Here are further data that are referred to in the Discussion section of the main text.  

 

Table S4.1  Distribution of notified HIV/AIDS cases by risk factor, 2005-9[28] 

 Females N (%) Males N (%) Total N (%) 

Multiple partners 732 (63%)  1,171 (82%)     1,903 (74%) 
Affected spouse 295 (25%)            87 (6%)    382 (15%) 
Drug use 14 (1%)            69 (5%)     83 (3%) 
Affected mother 23 (2%)            36 (3%)           59 (2%) 
Transfusion 11 (1%)            16 (1%)           27 (1%) 
Other 93 (8%)           45 (3%)         138 (5%) 
Total        1.168 (100%)        1,424 (100%)       2,592 (100%) 

 

 

Table S4.2   HCV prevalence in different population groups in Morocco 

Population Group Prevalence Rate 

Blood donors 1.1%[29] 

Pregnant women 1.0%[29]  

ANC attendees and family planning clinic 0.5%[30] 

Barbers, all men 5.0%[31] 

Hemodialysis patients 35.1%,[29] 68.3%,[32]76%,[33]  

Hemophiliac patients  42.4%[29] 

  ANC, Antenatal clinic.  
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فيروس نقص المناعة البشرية بحسب أنماط التعرض للفيروس في بعدوى  توزيع الإصابات الحديثة
  المغرب 

، بناني عزيزة، علمي كماليلاني، غ، حسين الحزيدو احمد، حلمي نھلة، قيومجيان ب. سيلفا غنى ر. ممتاز،
  أبو رداد ليثغيس،  دينيس بيتر ،اليانور غوس

  الملخص

عبر استخدام كمٍّ وافرٍ من البيانات التجريبية الحديثة، تھدف ھذه الدراسة إلى تقدير نسبة توزيع الأھداف: 
فيروس نقص المناعة البشرية في المغرب بحسب أنماط التعرض للفيروس ومن الإصابات الحديثة بعدوى 

  خلال استخدام النموذج الحسابي الخاص بطرق انتقال العدوى. 

النموذج الخاص بطرق انتقال العدوى من خلال التعاون بين وزارة الصحة المغربية  تم تطبيقالمنھجية: 
تحديد المعطيات  جرى . الإيدز / بفيروس نقص المناعة البشرية المتحدة المشترك المعني وبرنامج الأمم

ضمن النموذج ھذا بعد إجراء مراجعة شاملة لكافة البيانات المتعلقة بفيروس نقص المناعة البشرية 
دراسات حول فيروس نقص المناعة البشرية/ ال في المغرب بخاصة من خلال مشروعوالسلوكيات الخطرة 

ثوقية التقديرات قياس مومن أجل  قنأوجه عدم التي تحليل. وجرى شمال أفريقياو الإيدز في الشرق الأوسط
  ليھا بالإضافة إلى قياس أوجه عدم التيقن حول ھذه التقديرات.إالتي تم التوصل 

، شكلت العاملات في حقل الجنس التجاري، وعملائھنّ، والرجال الذين يمارسون الجنس مع الرجالالنتائج: 
التوالي من مجموع الإصابات الحديثة % على 7% و14% و24%  و14ومتعاطو المخدرات بواسطة الحقن 

%) بفيروس نقص المناعة البشرية 67( حديثة بفيروس نقص المناعة البشرية. إثنتان من كل ثلاث إصابات
حصلت لدى العاملات في حقل الجنس التجاري، وعملائھنّ، والرجال الذين يمارسون الجنس مع الرجال، 

وشكلت ممارسة الجنس ركاء الجنسيين الثابتين لھذه الفئات. ومتعاطي المخدرات بواسطة الحقن أو لدى الش
%) وقعت عند النساء 52% من مجموع الإصابات. أكثر من نصف الإصابات (7المُتباين بطريقة عارضة 

%) سببھا 89% من ھذه الإصابات تمّت بواسطة زوج مصاب. غالبية الإصابات بالعدوى لدى الرجال (71و
%) سببھا الحقن الطبية أو عمليات نقل 0.1بسيطة جداً من الإصابات الحديثة (السلوكيات الخطرة ونسبة 

  الدم.

صابات بفيروس نقص المناعة البشرية لدى الفئات الأكثر عرضة للخطر العامل الأساسي تشكل الإالخلاصة: 
انتشار العدوى. في انتشار ھذا الوباء في المغرب وتشكل ممارسة الجنس التجاري النمط الأكثر تأثيراً على 

رض على ھذه الفئات خاصة عبر عملية رصد انتشار اجة إلى تركيز الإستجابة لھذا المتبرز الح ،من ھنا
وزيادة الخدمات وتوسيع نطاقھا الجغرافي خاصةً تشجيع استخدام الواقي الفيروس بطريقة استباقية ومستدامة 

شورة والفحوصات الطوعية، التقليل من الضرر الجنسي لدى العاملات في حقل الجنس التجاري، تقديم الم
  والعلاج.

  


