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.JHSBOUT�DPNF�UP�UIF�DJUJFT�QVSTVJOH�UIF�CFOFmUT�PG�UIF�TP�DBMMFE�AVSCBO�BEWBOUBHF���
IPXFWFS� UIFZ�mOE� GVSUIFS�PCTUBDMFT�XIFO�SFBMJ[JOH� UIBU� UIF�BVUIPSJUJFT�BSF�PGUFO�
JODBQBCMF� UP� SFTQPOE� UP� UIFJS� OFFET� JHOPSF� BOE� TPNFUJNFT� BDU� BHBJOTU� UIFN�
QSJPSJUJ[JOH� BDUJPOT�XIJDI� DPVME� MFBE� UP� GVSUIFS� FYDMVTJPO�� *O� FYDMVTJPOBSZ� DJUJFT�
MPX�JODPNF�NJHSBOUT�BSF�EJTBEWBOUBHFE�BOE� GPSDFE� UP� MJWF� JO�TQBUJBM�BOE�TPDJBM�
NBSHJOBMJUZ�XIJDI�NBZ�DPOEFNO�UIFN�UP�SFNBJO�JO�QPWFSUZ��

4MVNT�IBWF�CFFO�QSPmMFE�UP�MBDL�POF�PS�NPSF�PG�UIF�GPMMPXJOH�DPOEJUJPOT��BDDFTT�
UP� TBGF� XBUFS� BDDFTT� UP� TBOJUBUJPO� TVGmDJFOU� MJWJOH� TQBDF� IPVTJOH� EVSBCJMJUZ�
BOE� TFDVSF� UFOVSF�� %FQSJWBUJPOT� JO� UIF� CVJMU� FOWJSPONFOU� DPVME� VOEFSNJOF� UIF�
IFBMUI� PG� TMVN� EXFMMFST� UP� UIF� QPJOU� PG� XPSTFOJOH� UIFJS� BMSFBEZ� EJTBEWBOUBHFE�
TJUVBUJPO��4PDJBM�BOE�FOWJSPONFOUBM�GBDUPST�DPNCJOFE�JO�EFUFSNJOBOUT�DBO�TFSJPVTMZ�
VOEFSNJOF�IFBMUI��'PS�JOTUBODF�PWFSDSPXEJOH�JO�IPVTJOH�DBO�SFTVMU�JO�CPUI�NFOUBM�
BOE�QIZTJDBM�JMMOFTT�XJUI�B�XJEF�SBOHF�PG�QSPCMFNT�JODMVEJOH�GBNJMZ�WJPMFODF�BOE�

6SCBOJ[BUJPO�QSPDFTTFT� JO� UIF�HMPCBM�TPVUI�IBWF�TQFFE�VQ� JO� SFDFOU�EFDBEFT�QSFTFOUJOH�
EJGGFSFOU�DIBMMFOHFT�XIJDI� SFNJOE� UIF� JTTVFT� GBDFE�CZ�FBSMZ� JOEVTUSJBMJ[FE�DPVOUSJFT� JO� UIF�
HMPCBM�OPSUI��5IF�VONFU�OFFE�GPS�TIFMUFS�PG�QFPQMF�TFFLJOH�GPS�B�CFUUFS�GVUVSF�JO�UIF�DJUJFT�DBO�
PGUFO�QSPWPLF�UIF�TQSPVU�PG�TMVNT��1PPS�MJWJOH�DPOEJUJPOT�JO�UIFTF�BSFBT�DBO�DSFBUF�TVJUBCMF�
FOWJSPONFOUT� UP�EFWFMPQ�BJSCPSOF� JOGFDUJPVT�EJTFBTFT� MJLF�5#�BEEJOH�FYUSB�XFJHIUT� UP� UIF�
CVSEFO�PG�TPDJBM�FYDMVTJPO��5IF�SPMF�PG�UIF�EXFMMJOH�FOWJSPONFOU�JO�UIF�FQJEFNJPMPHZ�PG�5#�
IBT�CFFO�IJTUPSJDBMMZ�SFDPHOJ[FE�UIPVHI�SFDFOU�TUVEJFT�HJWF�MJUUMF�PS�MJNJUFE�BUUFOUJPO�UP�UIJT�
MJOLBHF�JO�TMVNT�EFTQJUF�UIF�BEWPDBDZ�GPS�NPSF�IPMJTUJD�BQQSPBDIFT�NBEF�CZ�UIF�8)0�JO�JUT�
&OE�5#�4USBUFHZ�

TB, slum health, and exclusion

The Global Challenge of TB

Source: WHO Source: WHO
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Worldwide incidence distribution of TB. Source: WHO
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Slum Health and exclusionary planning
JOGFDUJPVT�EJTFBTFT�USBOTNJTTJPO��5IF�EPVCMF�CVSEFO�PG�DPNNVOJDBCMF�BOE�OPO�
DPNNVOJDBCMF�EJTFBTFT�BNPOH� UIF�VSCBO�QPPS� JT�B�DIBMMFOHF� UP�CF� UBDLMFE�CZ�
CPUI�HPWFSONFOU�BVUIPSJUJFT�BOE�SFTFBSDIFST�

*OUFSWFOUJPOT� NPTUMZ� JO� UIF� HMPCBM� TPVUI� XIJDI� GPMMPXFE� IZHJFOJTU� WJTJPOT�
NPEFSOJTU�JEFBT�VSCBO�BFTUIFUJDT�PS�QSJWJMFHFE�DFSUBJO�TPDJBM�HSPVQT�IBWF�VTFE�
TMVN� DMFBSBODF� GPSDFE� FWJDUJPOT� BOE� SFMPDBUJPOT� JO� NBSHJOBM� BSFBT� FOEJOH� JO�
EFUFSJPSBUJPO�EFNPMJUJPO�BOE�UIF�QFSQFUVBUJPO�PG�TPDJBM�EJTQBSJUJFT��5IF�MBUUFS�DBO�
OFHBUJWFMZ�BGGFDU�NFOUBM�IFBMUI�BOE�TPDJBM�OFUXPSLT�BOE�FOIBODF�UIF�QSFWBMFODF�
PG�JOGFDUJPVT�EJTFBTFT�XIFO�CZQBTTJOH�UIF�QSPWJTJPO�PG�OBUVSBM�BUUSJCVUFT�



30% Lima
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country

22,1% 
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Total population 
of Peru: 32 million 
people
Population of Lima: 
9,7 million people
50% living in slums 
by 2010

Based on: UN MDGs

Based on: Peruvian 
National Ministry of 
Health

Peru: second country 
with the highest 
incidence of TB in the 
Americas

Lima concentrates 
58% of total TB 
cases in the country

The likelihood of TB infection can be increased by several factors, including 
environmental and exposure conditions. The latter are present in different 
settings which are prone for transmission: prisons, churches, bars, mines, 
classrooms, health centers, households, workplaces, public transport and 
slums. TB transmission is mainly an indoor event, for conditions in interior 
spaces could foster the concentration of the pathogen. High risk transmission 
environments are generally relatively small and enclosed spaces with lack 
of ventilation and lack of exposure to direct sunlight. The latter are useful to 
EFUFDU�XIFO�BO�FOWJSPONFOU�DPVME�CF�IB[BSEPVT�BOE�UP�EFWFMPQ�QSPmMFT�PG�
the physical characteristics in places yet not fully studied (i.e. slums). Exposed 
subjects will have higher risk of TB contagion if they are close to the infection 
source (proximity), have contact with the affected more frequently (frequency) 
and through longer periods of time (duration). The latter factors can overlap 
in certain situations, for instance in overcrowded housing. However, the 
proximity factor by itself can be enough to originate MTB transmission.

Transmission factors

Concentration of 
infectious droplet 

nuclei
Crowded Housing

Environmental 
Factors

Inadequate 
Ventilation

Lack of indoor 
exposure to 

sunlight

Relatively Small 
enclosed spaces

Exposure 
Factors

Frequency

Duration

Proximity

Environmental and exposure factors for TB transmission. Measurable factors in 
the built environment are highlighted. Source: the author. 

Social 
determinants

• Poverty
• Under-nutrition
• Health-related 
behaviors

Equation: general variables involved in TB transmission, and the respective 
approaches in the Peruvian case. Source: the author. 
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The costs of TB in Peru
TB can hinder the affected from a normal social and working life, which 
can consequently contribute to diminish household income and wellbeing. 
At the national level, the direct and indirect cost of the struggle against TB 
was around 80,000 million USD in 2010 distributed among the stakeholders 
involved. Control campaigns are still focused on biomedical solutions and 
few actions seek to address the multidimensional determinants of TB. 
Also, control measures in the built environment are limited to awareness-
rising of preventive actions in housing, workplaces and public transport. 
However, the incidence is yet to be reduced at the pace needed to reach 
the goal set by the WHO.

Since TB was declared a global public health emergency by the WHO in 
1993, several efforts, campaigns, and plans have helped to accelerate 
the expansion of treatment and control globally. In 2015, under the SDG 
3 “Ensure healthy lives and promote well-being for all at all ages”, the 
WHO launched the ‘End TB Strategy’ with the vision having “a world free 
of tuberculosis by 2030”. Recent global reports on the epidemic state that 
while TB is decreasing globally, the rates are not high enough to reach the 
goal by 2030. Therefore, the ‘End TB Strategy’ pursues more integrative 
and multi-sectoral approaches through expanding care, strengthening 
prevention and intensifying research, meaning that the role of the social 
determinants of TB is receiving further attention than before.

WHO: Advocating for integrative approaches

Source: Peruvian National 
Ministry of HealthSource: USMP

Public sectorUnique effort from 
civil society

$ZDUHQHVV�FDPSDLJQ��¶2SHQ�
ZLQGRZV�DJDLQVW�7%¶�DW�KRPH��
at the classrooms, at the public 
transport

Housing prototype for affected 
IDPLO\�LQ�D�VOXP��1*2�3DUWQHUV�LQ�
Health and USMP (Universidad 
San Martin de Porres)

TB in Lima

Transmission factors and the Peruvian strategy

Spatial determinants of TB

Lima, Map of susceptible TB and MDR-TB cases reported at health center 
level. Source: Zelner et al., 2016 (Identifying Hotspots of Multidrug-Resistant 
Tuberculosis Transmission Using Spatial and Molecular Genetic Data). The 
light blue represents a higher concentration in central Lima.

VentilationSunlight 6XIÀFLHQW�VSDFH

The area was squatted since 1946, right after the construction of the 
metropolitan market ‘La Parada’, and legitimized by political changes 
which fostered the mobilization of migrants and organization into a resident 
BTTPDJBUJPO�� 5ISPVHIPVU� UJNF� UIF� EFOTJmDBUJPO� PG� UIF� IJMM� BVHNFOUFE�
following the demand for housing in the area, which may explain the reduced 
dimensions of the plots. Parallelly, shacks were developed into permanent 
houses encrusted into the hill following its topography, and later expanded 
WFSUJDBMMZ� XJUI� GVSUIFS� nPPST�� #Z� ����� $4$� IBE� B� EFOTJUZ� PG� ����� Q�IB�
and 20,000 inhabitants, one of the highest densities in Lima. Despite the 
improvements made during the last decades, CSC still have depravations 
BNPOH�TPNF�IPVTFIPMET�XIJDI�DMBTTJmFT�JU�BT�B�TMVN��JOBEFRVBUF�TBOJUBUJPO�
and access to water, reduced living space, and tenure insecurity. Also, 
several social issues and illnesses including tuberculosis, affect negatively 
the external image of CSC. The rates of TB in the area and its surroundings 
JT�mWF�UJNFT�IJHIFS�UIBO�OBUJPOBM�POFT�BOE�UIF�QSFWBMFODF�JO�UJNF�FOTVSFT�JUT�
endemicity. The latter was addressed in the Metropolitan Urban Development 
Plan for 2035, which empirically recognized the determinants of Tuberculosis 
to be tackled through slum upgrading: the inclusion of an open space ring to 
reduce density, and the relocation of dwellers to a nearby area. Nevertheless, 
the PLAM 2035 was bypassed shortly after the change of administration.

During pre-Hispanic times, aqueducts and paths crossed through the 
area, which later in the colonial period framed residential and agricultural 
developments, resulting in an irregular and unproportioned urban tissue. The 
latter produced large blocks which were fully occupied responding to the 
DVSSFOU� EFNBOET� GPS� IPVTJOH� JOnVFODJOH� UIF� DSFBUJPO� PG� DPMMFDUJWF� IPVTJOH�
typologies including ‘callejones’: rooms or small dwellings usually without 
toilets, organized along one or more hallways and patios. During the second 
IBMG�PG�UIF���UI�DFOUVSZ�#"�VOEFSXFOU�DIBOHFT�JOnVFODFE�CZ�UIF�NJHSBUJPO�
process. Upper and middle-income groups moved to other parts of the city, 
which were gradually replaced by low-income groups in deteriorated properties 
with overused services. BA still preserves some of its former image; however, 
much of the historical buildings are in appalling conditions and sometimes 
are replaced with storages, although some are protected by law. Despite the 
building conditions, families occupy the spaces exposed to multiple health 
and safety hazards. The epidemic of tuberculosis has been reported since 
the beginning of early 20th century and almost one century later still remains 
a burden for low-income families. The latest renovation plan of the historic 
district, includes BA in the scope of the interventions; nevertheless, it gives 
little attention to health and ignores TB endemicity in the area, whereas it relies 
heavily on rescuing the former image for touristic purposes.

San Cosme Hill Barrios Altos

Study Cases
5IF�TFMFDUJPO�DSJUFSJB�XBT�mSTUMZ�UIF�IJHI�MFWFM�PG� JODJEFODF�BOE�FOEFNJDJUZ�
of TB. Secondly, the neighborhoods would be situated in two different 
topographic conditions which are representative of the slums in Lima: sloped 
BOE�nBU�MBOET�BTTVNJOH�BO�JOnVFODF�JO�UIFJS�VSCBO�GBCSJDT��5IJSEMZ�UIF�IJTUPSJD�
relevance in the urban development of Lima during the 20th century, to 
suggest a possible relation between gradual deterioration and TB endemicity.

To analyze in which extend the slum housing allows TB transmission, observation 
and measurement of spatial characteristics in dwellings visited in BA and CSC 
XFSF� DBSSJFE� PVU�� "GUFS� UIF� mFMEXPSL� UIF� EBUB� XBT� DPEFE� QFS� TBNQMF� JOUP�
layouts with plans, sections, pictures, and relevant data from the interviews, to 
be organized into three scales for analysis: neighborhood, collective housing 
building, and housing unit. Later, a set of indicators for analysis was built 
CBTFE�PO�UIF�MJUFSBUVSF�SFWJFX�BOE�EBUB�HBUIFSFE�EVSJOH�mFMEXPSL��"EEJUJPOBMMZ�
topographic conditions of the neighborhoods were considered to explore its 
JOnVFODF�PO�UIF�QSPWJTJPO�PG�TVOMJHIU�BOE�OBUVSBM�WFOUJMBUJPO�JO�CVJMEJOHT��5IF�
only requirement for sample selection, was that at least one TB, MDR-TB or 
XDR-TB affected household member should live there.

Field research

Study Cases

How are slum houses contributing to TB 
transmission in Lima?

Housing unitCollective housing 
building

Neighborhood

Research question and the three scales observed to analyzed transmission factors of 
TB in the housing environment and possible relations with the urban scale, with the 
indicators to measure.

,QÁXHQFH�RI�
Topography

Open 
Spaces

Space 
between 
buildings

Openings 
in shared 
spaces

Openings Crowding 
levels

Dwellings surveyed in the neighborhoods. Adapted from Google Maps. Photo: the author Photo: Ana Monusova



Case Study 1: San Cosme Hill

The irregular urban form of CSC, shaped by the geomorphological conditions of the 
hill, can be clearly differentiated from its surroundings. The narrow streets, alleys, and 
stair alleys might be a consequence of the process of high contestation and demand 
over dwelling space in that location, which left tight spaces between buildings. It could 
be noted that green area is almost inexistent and instead few open space pockets 
were left scattered over the hill. Thus, the proportion of open space (in white), including 
circulation spaces, appears to be reduced against the built area over the hill (color 
black). Additionally, the sloped terrain creates differences between building heights 
EFTQJUF�nPPS�OVNCFST�XIJDI�NBZ�CFOFmU�UIF�VQQFS�MFWFMT�JO�IJHIFS�FMFWBUJPOT�PG�UIF�
hill with natural ventilation and sunlight. Also, a possible Venturi effect in the higher 
part of the hill might increase wind pressure and ventilation rates for the buildings in 
that area.

Most of dwelling spaces were built ‘carved’ on the hill in reduced and irregular plots, 
sometimes with subdivisions which produced enclosed spaces often without exposure 
UP� UIF�PVUEPPST��-JLFXJTF�IPVTJOH�EFNBOE�NBZ�IBWF� JOnVFODFE�UIF�QSPMJGFSBUJPO�PG�
spaces for rental: bedrooms and two-room studios, which are meant to host singles 
or couples. However, the latter were found to be occupied by four to ten member 
IPVTFIPMET�XJUI��� UP���TRN�QFS�QFSTPO��'SPN� UIF�FMFWFO�DBTFT� mWF�EXFMMJOHT�BSF�
critically crowded with more than three inhabitants per habitable room. On the other 
side, most of the cases presented at least one window per room; however, they would 
only ensure ‘single-sided’ ventilation and limited possibilities for ‘double-sided’ one, 
meaning that they would rely on having entrance doors continuously open. Contrarily, 
three apartments presented less windows per habitable spaces despite having more 
rooms.

Dwellings surveyed were often part of collective housing buildings with roofed spaces 
(RSS) shared with other residents. The most common type were corridors and toilets 
which often had only one direct opening to the outside besides entrance doors, and 
were commonly dark and narrow. Similarly, spaces between the buildings visited had 
UJHIU�QSPQPSUJPOT�PG�CVJMEJOH�IFJHIUT�BOE�EJTUBODFT�CFUXFFO� UIFN� JO� mWF�PVU�PG� UIF�
eleven cases.

Neighborhood scale Collective housing scale Housing unit scale

High demand on the hill after the creation of La Parada Market (schematic section): spatial differences between 
OHYHOV�ZKLFK�PLJKW�DIIHFW�SURYLVLRQ�RI�VXQOLJKW�DQG�ZLQG�ÁRZV��6RXUFH��WKH�DXWKRU�

0RVWO\�EXLOW�VXUIDFH�RI�WKH�KLOO�DQG�XQFRQWUROOHG�JURZWK�UHVXOWHG�LQ�VFDWWHUHG�RSHQ�VSDFH�SRFNHWV�DQG�DOOH\V��
6RXUFH��WKH�DXWKRU�

7LJKW�SURSRUWLRQV�EHWZHHQ�EXLOGLQJV��,QWHULRU�VKDUHG�FLUFXODWLRQ�VSDFHV��VKDGRZHG�DQG�SRRUO\�YHQWLODWHG��6KDUHG�
WRLOHWV�DUH�FRPPRQ�DQG�SUHVHQW�WKH�VDPH�FKDUDFWHULVWLFV��6RXUFH��WKH�DXWKRU�

From single family house to collective housing building: habitable space was increased vertically and horizontally 
WR�VHUYH�DV�DQ�HFRQRPLF�VRXUFH�IRU�UHQWDO��ZKLFK�LQÁXHQFHG�WKH�SUROLIHUDWLRQ�RI�EHGURRPV�DQG�VWXGLRV��)DPLOLHV�
ZHUH�FRPPRQO\�IRXQG�OLYLQJ�LQ�FURZGLQJ�FRQGLWLRQV�LQ�WKHVH�VSDFHV�

Room and studio 
compound

Collective 
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Case Study 2: Barrios Altos

Topography in BA was not determinant for its urban form because of few elevation 
differences. Although the urban tissue is composed by streets which are wide enough 
to allow vehicular transit (white), and few open spaces sometimes with restricted access 
JOTJEF� CMPDLT� 	EBSL� HSFZ
� JU� TFFNT� UIBU� GBÎBEFT� IBWF� OP� PCTUBDMFT� GPS� XJOE� nPXT�
and sunlight. However, high rates of occupation inside the blocks through collective 
housing typologies (i.e. ‘callejones’), imply that the provision of such attributes would 
be determined by each building solution.

Most of the houses visited were located in ‘callejones’, which presented at least one 
unroofed hallway that provides dwellings with sunlight and ventilation. Also, roofed 
corridors often had windows above doors; however, the ‘callejones’ and buildings 
alike, also presented roofed toilets which generally lacked of windows. On the 
other side, eight cases presented high structures and narrow hallways, sometimes 
partially roofed with balconies along in the upper levels. Old ‘callejones’ generally 
present balcony hallways and level heights around 3.5 meters which could be spatial 
constrains for ventilation and sunlight, whereas new constructions in plots from former 
‘callejones’ had neighboring buildings as obstructions. Noteworthy, two callejones 
presented more than one TB affected household, and some interviewees mentioned 
having at least one neighbor affected in the past.

"MNPTU�BMM�EXFMMJOH�VOJUT�DPVME�CF�DMBTTJmFE�BT�BQBSUNFOUT�XJUI�B�XJEF�SBOHF�PG�TJ[FT�
and inhabitant numbers: from 21 to 76 sqm in one to three levels, occupied by two 
to ten member households. Half of the houses surveyed in old ‘callejones’ presented 
less than 10 sqm per person. Eight dwellings had more than three inhabitants per 
habitable room and half of them presented productive spaces including workshops 
and storages inside the dwelling. The most crowded buildings are old ‘callejones’, 
XIJDI� XFSF� EFOTJmFE� JO� UJNF� EVF� UP� IPVTFIPME� TJ[F� JODSFBTF� BOE� DPOTFRVFOU�
TIFMUFS�EFNBOE� UISPVHI� JOOFS�FYUFOTJPOT� JODMVEJOH�NF[[BOJOFT�TFDPOE�nPPST�BOE�
sometimes new rooms in unroofed spaces and rooftops. Despite the extensions were 
made often blocking existing openings, undermining ventilation and sunlight gains, 
seven cases had at least one room without window. However, only two dwellings 
presented conditions for effective ‘double-sided’ ventilation, and the rest had limited 
or no possibilities, probably reducing ventilation rates. On the other side, seven 
interviewees claimed having at least one member which had TB in the past.

Neighborhood scale Collective housing scale Housing unit scale

,UUHJXODU�XUEDQ�WLVVXH�ZLWK�VWUHHWV�VXIÀFLHQWO\�ZLGH�DQG�ODUJH�EORFNV��6RXUFH��WKH�DXWKRU�

,QQHU�VSDFHV�LQ�ODUJH�EORFNV�ZHUH�RFFXSLHG�WKURXJK�¶FDOOHMRQHV·��RUDQJH��6RXUFH��WKH�DXWKRU� ,QWHUQDO�IDFDGHV�RI�FDOOHMRQHV��VSDWLDO�GLVWULEXWLRQ�DORQJ�WLJKW�VKDUHG�KDOOZD\V��ZLWK�RQH�RU�QRQH�ZLQGRZV�DERYH�
GRRUV��7RLOHWV�DUH�XVXDOO\�GDUN�DQG�SRRUO\�YHQWLODWHG�

6SDWLDO�FRQVWUDLQV�LQ�KRXVLQJ�XQLWV��PH]]DQLQHV�FDQ�
OLPLW�WKH�SHUIRUPDQFH�RI�WKH�IHZ�RSHQLQJV�DYDLODEOH�

,QQHU�H[WHQVLRQV�LQ�KLVWRULF�EXLOGLQJV��IURP�VWXGLRV�
WR�DSDUWPHQWV��EORFNLQJ�RSHQLQJV�DQG�SUHYHQWLQJ�
VXIÀFLHQW�YHQWLODWLRQ�DQG�VXQOLJKW

,QIRUPDOO\�EXLOW�FDOOHMRQHV��LQFUHPHQWDO�KRXVLQJ�ZLWK�
SURGXFWLYH�VSDFHV�ZKLFK�LQFUHDVHV�FURZGLQJ�
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Discussion

Recommendations

Collective 
housing

Housing unit

Neighborhood

Increase indoor air 
exchange

Increase indoor 
sunlight exposure

3URYLGH�VXIÀFLHQW�
living space

Policy implications Improvement of 
socioeconomic conditions

Healthy housing: inclusion 
of ventilation, sunlight and 
occupancy rates in building 
regulations, for new and 
existing constructions

Tenure protection measures 
WR�DYRLG�JHQWULÀFDWLRQ

Ensure active participation 
of the residents and 
community organizations

Strengthen existing local 
businesses and entrepreneurs, 
and ensure employment 
opportunities: upgrading 
project and labor market

Strengthen residents 
associations and community 
organizations to ensure 
appropriation, management 
and sustainability

Ensure access to health and 
education services

Recommendations

Shared spaces: mind air quality. Increase 
air exchange and take personal preventive 
measures

Improvement of water supply and sanitation

CSC: Include or enlarge open space in the urban 
scale, when possible, considering building high, 
occupation rate and street section

Relocation of large size households in crowding 
conditions to new healthy housing in the same or 
nearby locations

BA: crowded households living in historical 
structures could be relocated to new healthy 
housing projects in the area

Spatial constrains in both neighborhoods might produce shading effects that limit direct 
sunlight and ventilation for dwelling units, which may increase environmental suitability 
for MTB droplets and infection risk. In CSC, the latter could be due to tight proportions 
between multi-story buildings facing narrow alleys, whereas for BA, the constrains 
are narrow hallways of ‘callejones’ and building heights. Also, the geomorphology 
of CSC could play a role accentuating differences of exposure between higher and 
MPXFS�nPPS�MFWFMT�XIJDI�DPVME�DPOTFRVFOUMZ�IBWF�BO�FGGFDU�PO�JOEPPS�FOWJSPONFOUT��
'VSUIFSNPSF�TIBSFE�TQBDFT�XJUIPVU�TVGmDJFOU�PQFOJOHT�DPVME�JODSFBTF�UIF�SJTL�PG�.5#�
infection among neighbors. Especial attention should be taken to these spaces due to 
UIF�GSFRVFODZ�PG�VTF�CZ�OVNFSPVT�QFPQMF��-JLFXJTF�JO�EXFMMJOH�VOJUT�JU�JT�DPNNPO�UP�
mOE�SPPNT�XJUIPVU�XJOEPXT�BOE�GFX�QPTTJCJMJUJFT�GPS�AEPVCMF�TJEFE��WFOUJMBUJPO�XIJDI�
could dramatically reduce ventilation rates. Therefore, dwellings are prevented from 
healthy attributes which makes them environments with high TB transmission risk. 
/FWFSUIFMFTT� BJSnPXT� BOE� TVOMJHIU� DPVME�EFQFOE� GSPN�PUIFS� FOWJSPONFOUBM� GBDUPST�
BOE�QIZTJDBM�QIFOPNFOB�XIJDI�SFRVJSF�TQFDJBMJ[FE�TUVEJFT�JO�TMVNT��)JHI�EFNBOE�
for shelter in both areas resulted in overcrowding conditions in half of the dwelling units 
surveyed; thus, increasing the probability of household contagion. 

Including actions to tackle environmental and exposure factors of TB, might reinforce 
current control measures into more effective strategies, which are suitable to each 
context, seek for the greatest positive impact, and prevent negative side-effects. Firstly, 
health advocacy is needed among all sectors of society and levels of governance, 
which should reach academics and practitioners related with urban planning. The 
allocation of resources for health improvement through upgrading living conditions 
JO� TMVNT� DPVME� CF� DPOTJEFSFE� BT� BO� JOWFTUNFOU�XIJDI� DPVME� CFOFmU� OBUJPOBM�MFWFM�
economy in the long-term, considering the outrageous amounts spent annually in 
the struggle against diseases. Interventions in the built environment should eliminate 
crowding and allow sunlight and natural ventilation in dwellings. To eliminate crowding, 
relocations may be carried on to re-densify and re-distribute population into healthier 
spaces; however, these should be sensible towards social assets of the households. 
Successful models including Participatory Slum Upgrading and co-housing, could be 
an alternative in this context.

Biomedical strategies and drug treatments could be accompanied by upgrades in the 
built environment and reinforced by the improvement of socioeconomic conditions, to 
assemble an effective plan on alleviating TB burden among slum dwellers in the study 
DBTFT� BOE� TJNJMBS� BSFBT� PG� -JNB�� 5IF� DPOTUSVDUJPO� PG� IFBMUIJFS� FOWJSPONFOUT�NVTU�
be centered on enhancing the integral wellbeing of its slum dwellers if a sustainable 
habitat is desired. Projects of this type could set a precedent which follows the integral 
approach proposed by the ‘End TB Strategy’, adding substantial advances to reach 
the goal by 2030. Finally, considering the recent economic and social stability in 
Peru, it could be the appropriate moment to switch paradigms and advocate for good 
practices of slum upgrading as means to enhance public health and human capital, 
TUSFOHUIFO�UIF�VSCBO�FDPOPNZ�BOE�BDIJFWF�B�NPSF�FRVJUBCMF�DJUZ�
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