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Executive Summary

T

We review the performance dhe very-high-vulnerability district lisbuilt in April 2012, and update
thislist using nonpolio AFP and campaign history data as of Jul 28,.2l1i8updatedlist identifies

46 districts susceptible to a large outbreékith multiple casepin the next 12 months if vikiis
introduced to the digtict.

We evaluate immunity trends using nqolio AFP samples dose history, and compare them with
force of infection and invasion threshold estimat®ge identify9 districts with significant decreases

in immunity in the last 12 months.

We evaluate the concordance of independent monitoring (IM) withdatlity assessmedrsampling
(LQAS)In Sindh province, IM and LQAS are now completely discordant. In other provinces, there are
signs of increased discordand®eductions of IMLQASoncordanceimply either a reduction in the
information content of IM, or a reduction in thaformation contentof LQAS data.

Using LQAS to track SIA qualippgor-performing districts of Sindh province show statistically
significant coverage improvements (frorb% to 85% since January 201dpverage improvements

in other provinces could not be statistically confirmed due to the limited number of districts they
have measured with LQAS.

In order to reduce the uncertainty ofprovincelevel SIA coverage estimatesnéto be more
effective at detecting pooperforming districts, we suggest that every district be measured with
LQAS once per six montas is now being planned for Nigeria for the same reasons

Outbreak Vulnerability Assessment Update

Summary

T Approximatey 67%and81%of casedletectedin 2012(as ofSefiember 30" 2012 were in districts
within the veryhigh-vulnerabilityand highvulnerabilitydistrict liss built in April 2012.

f  Using norpolio AFP and campaign history data (ashaf 28 2012, we presented updatedery
high vulnerability and high vulnerability district &sThese list&dentify 46 districtsat risk ofa large
outbreak(with multiple caseyin the next 12 months if virus is introduced

1 For populous districts, e.g., Peshawar and Rawalpivelsuggest thathe location ofAFP caseand

SIA quality indicatorbe reported at sulaistrict level (town tehsil, or union councibs appropriate)



as it is currently being done for Karachi. This will allow analysis of immunity data to be more
sensitive to local heterogeneity.

Overview and Results

Vulnerability score considergarious factors such as MAFP based immunity history and campaign
guality, countryspecific invasion threshold and demographics such as population. The vulnerability
model does not use historical cases as inputs.

Based on the lia list of caesfrom the September 3Q 2012weekly report 40 cases (3WPV1, 2 WPV3

and 1 WPV+WPV3) were identifiedHakistarin 2012. InTablel, we present the number afases in the

very high vulnerability list since January 1st. The performance of the list is in accordance with previous
historical validationsn the last 5 yeargas shown irthe previous repor), with about 660of caseq60%
excluding Khybersince it $ known as a very high risk district for polio outbreak becausaseturity

and its inaccessibility to receive recent vaccine campaigeame from the listAll but one district

with >=2 cases are in théery High Vulnerability (VHWN§t.

Mardan and Charsadda fronkKPwere the only two districts so far having? cases and was not on the
VHV/HVIist. In Figurel we present dose histories for three tists in KP to allow direct comparison:
Mardanand Charsaddane of the worsiperforming districts (Shata), and one district not on VHYV list,
but on HVIlist and has 1 case so far this year (Karak). Therefore, based on recé&fRNBamples,
because theaverage number for both Routine Immunization (Rl) and Supplementary Immunization
Activity (SIA) doses are very high, it is unable to predict the multgde outbreak from dose history.

Unpredicted areasn the Q1 VHV list '
(cases). District with * is in HV but no

in VRV list.
25/37 in VHV list Jhang, Punjab (1)
(67%) Rajanpur, Punjab(1)
30/37 in HV list Larkana, Sindh(1)
(81%) Mardan, KP (2
Charsadda, KR)
If excluding Khyber: Swabi, KP(1)
18/30in VHMist Rawalpindi, Punjab (1)
(60%) Haripur, KP (1)
23/30in HV list Karak, KP(1)
(76%) Diamir, GB (1)

Table 1. Number ofcases in the very high vulnerability list, and unpredicteeas between 1/1/2012
and 9/222012, based on weekly updated line list.

! Torghar, KP was part of Marsehra, KP until 2011 and our geographic boundary of Marsehra ifiohgtied
when performing the vulnerability analysis.



For those districtstiis possible that the NFAFRPbased dose histry typically takes months to reflect the
current situation due to the sparse reporting number of AFP samfgstematic biases in AFP dose
history collection might be anber reason. r example,Charsadda district, most doses were recorded

to rounded numbers such as 5, 10, 15 and 26 seen fromFigurel. It is also possible thabcal
heterogeneityexists recently in the district, and the distAside average hides the immunity gapiven

the close proximity of these two districts with Kigybthose districts are likely to be constantly exposed

to virus importations, and even if the overall average values are high, the unimmunized group is large
enough to start having multiple cases. We plan to improve the methodology to includpathavays

and proximity to the endemic center abserved from transmissiomistory.
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Figurel. NPAFP dose history for three districidich have cases this yeiarKP: Mardamnd Charsadda
(not in VHR/HR list), Shangla (in VHR list) and Karak (in HR list).-AR® Bse history for Mardamd
Charsaddas very high for both RI and SIA dos&ke date range foselected NRAFP samples is
between Jan 1 2011 and later.

Based orthe vulnerability model and latest received MFP dose history, the vulnerability score of
districts was updateddighly vulnerable districts are susceptible to a large outbreak with multiple cases
in the next 12 months if the virus is introduced to tdestrict. Using data as of July 28, we have



identified 45 districts with very high vulnerability, and 64 districts with high vulnerability (this number
includes vey high vulnerability districts)The map showing distributions of highlnerability distrits is
presented inFigure2. The updated score reflects the approximate force of infection in the mddhel
force of infectionwas estimated by obseing the invasion threshold among districts with outbreaks. In
Figure2 we present the typel vulnerability score distributions of districts, as well as changes in
vulnerability scores between April and July 2012. In general, most districts have seen a detreaging
of scores over the past few months, which leéaa decreasing number of higisk districts.

Vulnerability Score

Difference in Vulnerability Score, April - July
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Figure2. (A) distribution of vulnerability score by district, July 2012. (B) changes in vulnerability score
between the Mart and July updates.

In Table2 we list the districts with very high vulnerability for type 1. The full list of very high and high
vulnerability distrcts, as well as the complete list of outbreak vulnerability scores is avaitatre
accompanying spreadsheet.

State Very High Vulnerability Districts |

Balochistan  Quetta, Killa Abdulah, Pishin, Khuzdar, Jafarabad, NSirabad, Lasbela, Loralai

EATA Khyber, N. Wazir, Kurram, Bajour, Orakzai, mohmand, S. Wazir

KP DI Khan, Shangla, Swat, Bannu, Mansehra, Lakkimrwt, Hangu, Kohat, Kc
Peshawar

Punjab Sahiwal, Okara, Bhakkar

Sindh Dadu, Mirpurkhas, Badin, Tharparkar, NFeroz, Ghotki, Thattagh8s Hyderabad
Jacobabad, Kambar, Shikarpur, Sukkur, Umerkot, KaBacidar, Sbenazirabad

AJK Bagh(including Haveli)

GB Gilgit (including Hunzhlagar)

Table 2. List of High Vulnerability Districts as of July 28th 2012. High vulnerability is defireed as
vulnerability score above the selected thresh¢store >=22000please refer to Appendix for detdils
where it is likely to have largautbreaks with multiple cases.idiricts are ordered by the score.

2According to the consistent presence of multiple cases in past years and the close proximity to endemic regions.
Possibly due to the large suistrict level heterogeneities, we are unable to assess risk and explain the recent
cases for Peshawar at the district level.



Peshawar was placed on tMery High Vulnerabilitiist because of the constant presence of casehe
past,despite of its high average values of dose history. Large local heterogeneity and the close proximity
to endemic areas are likely to be the reason. Therefore, we suggest that for large d@sidcitiessuch

as Peshawar and Rawalpindi, the spdtiahtion could be colleed in more details, and location of AFP
cases and campaign monitoring data could be collected at thedmitiict leve| similar to Karachi

Invasion Threshold and Immunity Trend s from NP-AFP samples

Summary

9 Invasion threshold in the vulnerability model was selected based on maximum unprotected
immunity level for districts with multiple cases.

1 We evaluate immunity trends using ngolio AFP samples dose history, and compare thath w
force of infection and invasion threshold estimates.

1 We listed districts with significant immunity drops over the past year as seen fromiFRPdose
history.

Overview and Results

In epidemic modelsthe invasion threshold, or force of infection defméhe virus transmissibility, as
well as the minimum immunity (herd immunity) required to protect the ar€a.optimally distinguish

high risk districts without being overly inclusive, it is necessary to identify the appropriate invasion
threshold and comsponding effective reproduction number{Rin the country.

In the vulnerability model, we calculated the invasion threshold using adfatan approachbased on

observingthe past outbreaksind immunity level$nside districtsd LJX S+ &S NINF NIt K & & & + dzfS\yO!
in the Appendix for detailsBetween Jan 2003 and Jul 2012, we calculated the immunity of each district

each year based on neguolio AFP samples, and find the maximum unprotected immuleig! for

infected districts with persistent traamission (defined as districts wittnore than 2 annual polio cases

Figure3 shows the full scatter plot between annual type 1 WPV cases versus annual immunity level
between 2003 and 2011Based on the evidence from the past 8 years, for Pakistan, the minimum
protected immunity (herd immunity threshold) below which transmissi®nlikely to persist (where

two or fewer cases per year are observed) is close to 90% and consistent across provinces.
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Figure 3. Relationship between type 1 NFP dose history based immunity and number of cases
annually for dldistricts in Pakistan. The plot contains data between Jan 2003 and Jul 2012. Invasion
threshold, defined as maximum immunity having 2 or more cases, is around 90%.

In Figure4, the immunity and number of cases over time was presented for the five provinces with the
most cases. For immunity, to distinguish protected/unprotectlstricts we use red color to represent
a district having 2 or more annuedises, and grey otherwise.

During 20022011 some provincesfor example Balochistan and FABaw a decrease of immunity
which resultedn ahundreds ofof cases. Since then, the improvement of the vaccine campaigns lead to
an overall increase of imumity. It is noticeable that in some provinces, the lowekstrict immunity
levels are decreasing relative to previoyears and the distribution @aihmunity is becoming wideiVe
listed districts that have decreasing immunity in 2012 compared with 284dlts inTable3. Besides,
due to the high invasion threshold, although the immunity trend increases over the past years,
overall immunity level &r most districtsis still below the global invasion threshopldspecially for
districts in Balochistan and FATWhile it is not required to bring all districts above the threshold to
reach eradication, if a large number of them are unprotected, theystsitevulnerable to infection and
contribute to the overall endemic circulationContinuous efforts should be put on improving the
vaccination campaign and coverage for {mamunity areas. Current or future monitoring data could be
used as quality mefri with a much faster turnaroundfor example, LQAS results and dose histories
derivedfrom LQAS samples case investigation clustering surveys
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Figure4. Type 1 Immunity changes over time for all districts, as well as number of type 1 WPV cases in
the provinceln a column of each year, there is a dot for each district in the statefare®+ cases and

gray for 1 or O cases in that year. The height of each dot indicates estimated immunity based\&® NP
(left y-axis). The total annual incidence of WPV1 cases in the state is shown by the green trace (right y
axis). Any breaks in the gnreé¢race are years of zero cases.



District Immunity change

Lasbela, Balochista -5%

DI Khan, KF -12%

Batagram, KF -8%

Haripur, KP -12%

Multan, Punjab 1%

Saddar, Karachi, Sinc -22%
North Nazimabad, Sind -9%
Baldia, Karachi, Sind -13%
Naushahro Feroze, Sinc -8%

Table3. Districtswith more than 5% decreasing immunity over the past yeamunity was calculated
and compared based on NF-P dose history since Jan 1 2012, and between Jan 1, 2011 and Dec 31,
2011. Only districts with more than 5 AFP cases in a year were calculated.

Concordance between IM and LQAS

Summary

9 Tracking the concoahce between IM and LQAS over time can be useful to assess the impact of
recent efforts to improve the reliability of IMf the quality of LQAS is assumed constant, then a
reduction in IMLQAS concordance indicates a reduction in the information contérivio
Conversely, it is also possible that this reduction in concordance is evidence of a reduction in the
information contentof LQAS data.

9 In Sindh province, IM and LQAS are completely discordlaatiM-LQAS correlation coefficient
is 2%). fis means that good/bad SIA quality categorizations we make for districts using IM data
will be completely unrelated to the same categorizatiomadeusing LQAS datA review of the
reliability of IM and LQAS in Sindh province would help identifg#uses of this discordance.

Overview

Independent monitoring (IM) was designed to be an indicator of the quality of vaccination campaigns,
and to help identify poor performing areas. However, in many districts, polio tesesontinued to be
detected even whereindependent monitoring indicates that vaccination campaigns are of high quality.
In January 2011Pakistarbegan to collect lefjuality assessmergampling (LQAS) in order to improve
the reliability of SIA quality estimates in a few higgk aeas The results of LQAS so far have been
encouraging.

In this section, we analyze the concordance between independent monitoring anquadty
assessment samplingt the district level and we find the two to be strongly discordaacrossall
provincesof Pakistan We also study this concordancees time and findthat it has decreased strongly

in Sindh province during the last 12 months, and that there are indications that it is also decreasing in
Punjab, KP, and Balochistan.



Methods

LQAS lots, consisyg of five clusters of 10 children, are collected at the Union Council level within a pre
determined district. The specific union council is selected based on probability proportional to size. By
comparison, postampaign independent monitoringM) is cdlected for multiple union councils within
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In order to measure the concordance between IM and LQAS, we matched 85086th&)AS lots
collected since January 2011 with the corresponding IM coverage (less than 60 months old, by finger
marking). V& only had access to distrdaggregated IM datéor this analysis, sdie LQAS and IM data

are thus matched at the distridevd instead of the Union Council levéhis limits the comparison of
these data sources because, even if we IM and LQAS were perfectly correlated, the correlation
coefficientbetween districtaggregated IM and LQAS would be below 100%. However, this cempari
remains informative as we expeitte vaccinatiorcoverageof union council§rom the samedistrictto

be related Our analysialsoconfirms this fact when it shows that the {MQAS correlation can be
sizable(30-40%) In future reports, thidimitation in our analysis can be overcoighaving access to
sub-district level monitoring data

Results

In Figure5, we plot the number of times a given LQWEcoverage pairs appears in the data sete

degree of concordance between IM and LQAS can be measured using correlation coefficients. Across the
850 matched IMLQAS lots, the Pearson correlation coefficient is 34%: IM captured nlpf the LQAS
variance.This means that knowing IM coverage provides very little information on what the LQAS
covered fraction would be. For example, if IM reports cage above 95%, there is a 29% chance that
LQAS will report aoverage (defined as the proportion of fingermarkgdldren) below 90%, and a 7%
chance that LQAS will report a coagebelow 80%.



Figure 5 - Twodimensional histoggim of IMLQAS coverage pairs, collected in 2011 and 2012. The
frequency of observations is presented on a color scale: the more frequent a speelf@QAM pair, the
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Figure6 ¢ Histograms of LQAS covered fractibptranchesof IM coverage.

IM coverage is strongly biased upwards compared to LQAS. 85% of the matched LQAS lots had lower
coverage than the corresponding IM coveragenéidianIM coveragewas unbiased, this fraction would

be 50%. IM systematically underestimates the fraction afsed children during vaccination campaigns.

In Figure 2, we show the distribution of LQAS covered fraction which can be expected when IM coverage

is within certain tranches.
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Figure 7 ¢ Evolution of tle concordance betweenM and LQAS; forPakistan since January 2011
Concordance is measured using the Pearson correlation coefficient. Blue circles represeiLQASM
correlation at each SIA, including all districts surveyed. IM and LQAS data are pooled in three date
ranges to redae the uncertainty on the IMLQAS correlation and to identify a trend. Since July 2011, the
concordance between IM and LQAS has decreased significantly natign0lp5) from 34% to 18%
although this decrease is driven by the strong decrease in Sirwfinpe where most of the LQAS data

has been collected



Evolution of LQAS-IM correlation (per SIA), by province
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Figure 8 ¢ Trend analysis of INNQAS concordance, by province. Shaded regions represent 95%
confidence intervafs Circles indicatehte IMLQAS correlation coefficiemalculated for each SIA
statidically significant decrease in {MQAS concordance is seen in Sindh (41% to 2%). In Punjab, KP, and
Balochistan, the suggested trends are not statistically significBime. significantscatter of the SIA
specific correldbn coefficients indicates how unreliabl®l data isin anticipatingthe LQASesults

Tracking the concordance between IM and LQAS over time can be useful to assess the impact of recent
efforts to improve the reliability of IMIf the quality of LQAS is assumed constant, then a reduction in
IM-LQAS concordance indicates a reduction in the information content ofCversely, it is also
possible that this reduction in concordance is evidence of a reduction in the reliabilitfQA$ datan

Figure7, we show that the IMLQAS concordance is decreasing nationallizidare8, looking province

by province, we see that a similar decrease is observed in all areas.

From June 2011 to October 2011, a new IM methodology was piloted in Sindh province. In part, it
involved random®@ a4 St SOUAY 3 dzyA2y O2dzyOAfta FNRBY | RAAGNRO

% The confidence intervals take into account the intrinsic error of individual LQAS measurebetatdistribution
for the sample size, ignoring the design effect) and the small number-0fJiS pairs (95% jackknife subsampling).
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during that time period. When, in December 2011, the IM pilot ended and the methodology returned to
what it was, the concordance remains essentially zero. This suggests that the source of the discordance
between IM and L&S in Sindh was not a result of the IM pilot.

Tracki ng SIA quality and LQAS lot selection strategy

Summary

1 LQAS can be used to track SIA quality, and doing so at the province/regional level is more
efficient than at the districts/town level since lots cha pooled.

f We estimate the SIA coverage achieved by fiércentile (poorperformers) and 58 percentile
(median performers) districts, and find thtte four worstperforming districts/townsof Sindh
provincehave improved their coverageom 65% to 85%ince January 2011

1 Coverage improvements in other provinces could not be statistically confirmed due to the
limited number of districts they have measured with LQAS.

1 In order to reduce the uncertainty of provindevel SIA coverage estimates, and to rhere
effective at detecting poeperforming districts, we suggest that every district be measured with
LQAS once every six months.

Overview

As an accurate albeit jpnecise measure of vaccination coverage;daality assessment samples can be
used to evalate other measures of coverage (e.g., independent monitoring orpadio AFP), to track
the quality of vaccination campaigns, and to estimate population immunity.

By tracking the vaccination coverage achieved, we can evaluate the impact that programh@iges
(e.g.,improvementof the microganning processr a staff surge)may have had on the quality of
vaccination campaigns. Additionally, by summing the individual impact of campaigns over time, it is
possible to estimate population immunity aedaluate the risk of ongoing transmission.

Below, we show thatLlQAS data from Pakistasuggests that SlAuality is increasing in multiple
provinces. However, we found that the current lalection strategy for LQAS could be made more
effective at detectg poorperforming districtsand at tracking SIA qualitymore unique districts were

YSI &dZNBR® ¢KSaS RAA&GNAOGENIKIR Lz -NRY B1Sé (OHKR BSI2 NINR &

Methods

Tracking quality is more effective ptovincelevel than at districtevel because more lots are available

for analysis. For example, in a given 6 month period, a district may have been measured up to 5 times,
but the province it is in may have been measured 75 tioh@sng the same time intervaFurthermore,

from the didribution of LQAS resultsnferences can be made about what SIA coverage poor, median,
and good performing districts are achievifwithout focusing on anyne specific district). Below, we

use the 18 percentile districts as proxy forpoor-performing districts

(0]



The set of distinctlistricts measured from @rovincecan be taken as samples from a finite set. Multiple
LQAS lots from the sanalistrict are combined to reduce the uncertainty of the coverage estimate. From
this set of measurements, a covemdor eachdistrict is generated by sampling a beta distribution
parameterized from the total number of missed children and the total number of children sampled in
that district. The resulting list of coverage, one coverage valuedugtrict, is ordered ad the 10"
percentile coverage and its 90% confidence interval are calculated tinsirypergeometrigrobability
distribution function. This process is repeated to average over the uncertainty of the LQAS coverage
estimates.

Districts where LQAS is cardded are often chosen based on estimates of the risk they present to
interrupting transmission. These risk estimations are typically reflect where past cases have been
detected and where other programmatic data have indicated SIA quality to be insutffiSelecting
LQAS lat to measure the most I-NiR & | ¢ filsthisiudelRirOdetgcting poor performancbut this
AGNFGS3e OFy YAaa RAAGNAOGA ¢ KNINB ¢ LIRNGEADMPIOAGS
u

strategy that also measurgsf N& &1 ¢ RAAGNAOG A& A& Y-geN®Bming Airibts. & 2

In Figure9, we compare estimates of SIA coverage in Sindh and Kihpes. In Sindh, the uncertainty

in 10" percentile coverage is significantly less than in i«f#h because 90% of districts/towhave
historically been sampled ingiven 6 month period. By comparison, KP has sampled between 36% and
68% of its districtsvith LQASReducing uncertainty in YOpercentile coverage can be achievbsl
sampling more distinct districts/townsvithout increasing the total number of lots collected. For
example, the total number of lots collected in KP between-20f1 and Fef2012 and between Feb
2012 and JuP012 is approximately the same, but lots were distributed more broadly in the last 6
months. As a result, the confidence interval has narrowed from 63% to 24% (see Table 1).
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Figure9 ¢ Estimates oSIA coverage in 10percentile and 50 percentile districts, under the random
sampling assumption, are shown for Sindh and KP provinotsscdllectedn different SIAs are grouped
to reduce statistical error. For each grqupe indicate the total numhbeof lots collected and the
number of distinct éstricts measured

Results

In Table4, we evaluate the SIA quality achieved by pperformersthe provinces of Pakistan over three
periods, using the method prestsd above and conservatively assumitig lot-selection to be no

better than randomat identifying poosperformers This shows that, over the last 19 montt&ndh
province hassignificantlyimproved SIA coverage its poor-performing districts from 75% to 86%. In

other provinces, the changes in SIA coverage are not statistically significant, in part because only a
limited fraction of the districts have been sampled in those areaFATAAJIK, and GB, the number of
LQAS lots which has been collected is insufficient to evaluate trends in coverage.



Province Jan 2011 Sep 2011 Mar 2012

¢ Jul 2011 ¢ Jan 2012 ¢ Jul 2012
10" percentile
Punjab(w/ Islamabad) 81% (8¢84) 81%(16¢83) 86% (4¢89)

Sindh
KhyberPakhtunkhwa
Balochistan

FATA

AJKGB

50" percentile
Punjab (w/lslamabad)
Sindh
KhyberPakhtunkhwa
Balochistan

FATA

AJKGB

75% 69¢ 79) 81% (B¢ 84)
65% (6¢72) 80% (11¢86)
73% (9¢80) 74% 18¢79)
Insufficient data

No data

86% 82¢91) 91% B7¢ 94)
87% 83¢90) 90% (B¢ 92)
79% (6 ¢ 87) 88% (8¢ 92
84% (8¢ 89) 87% B0¢9l)
Insufficient data

Nodata

86% (83; 88)
85% (® ¢ 91)
82% R8¢ 86)

91% 88 ¢ 93)
93% (91 94)
93% (4 ¢ 95)
89% 86 ¢ 91)

Table 4. Evolution of SIA quality in poor performing (10th percentile) and megéforming (50th
percentile) districts over the last 19 months, with 95% confidence intervals.
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FigurelO - Histograms of.QAS coverefilaction, by province and time period. Since January 2011, fewer
poor-performing districts have been detected throughout these 4 provinces. Congidéne many
unmeasured districtsn Balochistan, KP, and Punjab, there isigmiBcant chance thasome poor-
performing districts have yet to be detected

sl
y




