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How Many Homeless?

♦ Three cities conducted systematic sweeps of the homeless 
population when people were out on the streets

♦ Homeless shelter census was also known in each city
♦ For every 100 persons found in homeless shelters, there were:

– 129 persons on the street in Boston
– 273 persons on the street in Phoenix
– 130 on the street in Pittsburgh

♦ National estimate for total number in homeless shelters was 
69,000. Can you estimate total size of the homeless population?



Ratio Estimate for Number of Homeless

♦ Idea: let p = Pr{Shelter | Homeless}, x = # homeless in shelter
♦ Estimate N = x / p
♦ Told that nationwide x = 69,000
♦ From surveys estimate that p falls between 0.27 and 0.44
♦ So estimate that N falls between 69K / 0.44 and 69K / 0.27 or 

between 157K and 256K
♦ If add in confidence interval variability, widen to 155K – 258K





How Many New HIV Infections Occur in 
the US Each Year?

♦ Want to know HIV incidence (stratified by important covariates) for 
monitoring, evaluation of prevention programs, and resource 
allocation

♦ For many years, CDC suggested 40,000/yr 

♦ Where did the 40,000 come from?
– Back-of-the-envelope calculation







Using The BED Assay
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A Real Simple Model
♦ Let:

– N = # new infections per year
– p1 = Pr{newly infected tested ≤ 1 year after infection}
– p2 = Pr{HIV+ sample receives BED test}
– p3 = Pr{BED test reports “recent”| tested ≤ 1 year after 

infection}
– R = # “recent” BED test results observed

♦ Then:

E(R) = E(N) p1 p2 p3

so estimate

E(N) = E(R) / (p1 p2 p3)



Example
Data Missing Completely At Random 

 
Data/Parameter Estimate Repeat Testers New Testers 
Observed HIV+ Diagnoses 7604 4463 

BED Recent Tests 908 298 
p1 0.617 0.240 
p2 0.398 0.426 
p3 0.427 0.427 

Estimated Incidence 8660 (7440−10090) 6830 (5660−8210) 
 

Total Estimated Incidence Among Observed Cases = 8660 + 6830 = 15,490 
Test History Available From 12,067 / 33,802 Diagnoses or 35.7% 
 
Raises Incidence Estimate Within 22 States to 15,490/0.357 = 43,400 (34,100−55,200) 
 
Implies National Estimate of 43,400 / 0.73 = 59,500 (46,700−75,600) 



♦ Recall Holmberg (1996) reported 50% of 
new infections among IDUs, 26% among 
MSMs, 24% among HETs

♦ Our results:

2006 AIDS diagnoses:
MSM: 43%
HET: 32%
IDU: 18%
MSM-IDU: 5%



2006 AIDS diagnosis rates
Black: 48
Hispanic: 16
White: 6
Amer Ind/Alaska: 8
Asian/Pac Island: 3



How Many Drug Injectors in New Haven?

♦ Suppose I = annual # new HIV infections among drug injectors
– (could estimate via backcalculation from AIDS data)

♦ Suppose r = annual rate of new HIV infections per injector
– (could estimate via epidemic model – will discuss December 8 in class)

♦ Then I / r = # infections/yr / # infections/drug injector/yr
= # drug injectors!!



How Many Drug Injectors Are There In New Haven?
(EH Kaplan and D Soloshatz, Math Comput Modeling 17:109-115, 1993)





Empirical Results

♦ Estimated R0 = 2.38 (std error 0.10); s(0) = 0.984 (std error 0.003)
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Bifurcation Model for 1st Covid Wave

♦ Interpret the epidemic model as applying only to exposed
population; stay-at-home assumed safe

♦ Of the New Haven area’s 200K population, how many locked 
down, how many remained exposed, and of those how many got 
infected?

♦ Use the aligning indicators model to estimate answers



Back-of-the-Envelope Bifurcation
♦ Let φ = Pr{Infected during outbreak | exposed}
♦ Total hospitalizations 𝐇 = kH φ (see eqs (16) and (21) in paper)
♦ Let N, C = total number exposed, total diagnosed COVID-19 cases

♦Write 𝐇 = 𝐍𝜙 × େ𝐍థ × 𝐇େ (verify that RHS indeed = H)

♦ Equate the two expressions for 𝐇 and simplify to obtain𝐍 = kH𝐍ഝ×𝐇 and note that  େ𝐍థ = cases per infection while 𝐇େ = fraction 

of cases admitted to the hospital



Back-of-the-Envelope Bifurcation

♦ Estimated kH = 1006.6 from maximum likelihood (s.e. 56.8)
♦ CDC estimated infections per case for Connecticut as 6 (s.e. 1.8) 

from a seroprevalence study March 23 – May12; this is 𝐍థେ
♦ Observed 734 hospital cases and 2,674 diagnosed cases for study 

population; this estimates 𝐇େ
♦ Taken together, estimate N = 22K (95% CI 18.6 K to 26K)
♦ Bifurcation model suggests about 11% of total population exposed
♦ Also suggests 18.6K infected (or 9.3% of total population)



Cumulative Infections as of May 1, 2020: Bifurcation Model: 9.3% 
(Morozova et al: 5%; covidestim: 14.8%; covid19-projections.com: 9.6%)  

0.0000

0.0500

0.1000

0.1500

0.2000

0.2500

0.3000

0.3500

0.4000

0.4500

0.5000

Es
tim

at
ed

 C
um

ul
at

iv
e 

In
cid

en
ce

Cumulative SARS-CoV-2 Incidence Estimates

Wastewater Upper 95% Lower 95% Covidestim Morozova et al Covid19-projections JAMA



Typos in a Book
♦ Two proofreaders have been hired to independently read a book 

manuscript in search of typos
♦ The first (second) proofreader will catch any true typo with 

probability p (q)
♦ The first proofreader catches 50 typos, the second catches 40, and 

the same 10 typos were detected by both proofreaders
♦ Can you estimate the total number of typos in the book?



Typos in a Book

♦ Let the total number of typos = n
♦ E[Typos found by first proofreader] = np   (observed 50)
♦ E[Typos found by second proofreader] = nq  (observed 40)
♦ E[Typos found by both] = npq (observed 10)
♦ Here comes the cool part: np x nq / (npq) = n (!!!)
♦ Plug in the data:  estimate n = 50 x 40 / 10 = 200 typos (!!)
♦ This is an example of what is called capture recapture



Number in first trimester = 199 + 527 = 726; number in second trimester = 199 + 477 = 676; number in both = 199.  
So, capture recapture estimate = 726 x 676 / 199 = 2,466


