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Assumptions: Random sample of the population. Will have to be adjusted for a design effect if sampling is stratified/ clustered. Also has to be weighted for non-response. Design effects are frequently around 2 – so may double standard errors. 
I provide calculations for sample sizes 1000,  5000, 250,000. We begin by using the approximation that the mean of a large sample is equal to the population average +- 1.96 + sigma/sqrt(n) where sigma is the standard deviation of each observation and n is the sample size.  
Graphs show how error bars for a 95% confidence interval – plus or minus percentage points- varies with prevalence percentage.
   

Figure 1 shows results. For sample size 5000 we are at around +/- 0.5% for prevalence rates under 5%. For prevalence around 50% we are at +/- 1.5%. For sample size 1000 we are at around +/- 1% for prevalence rates under 5%. For prevalence around 50% we are at +/- 3%. 


Calculations above are for rates between 2% and 98%. Figure 2 shows the results for low proportions. For extremely low and high rates the normal approximation used to calculate the error bars break down and we have to use exact methods. The exact error bars are conservative to ensure nominal size of 95 % coverage of the  confidence interval


Figure 3 shows exact error bars for estimated prevalence percentages below 2%. Note that the error bars are not symmetric. Also even if we find zero cases in the sample the confidence interval can be quite big. Even if there are no positive cases in  the sample there may be cases in the community. Table 1 shows the upper confidence interval of the estimate even if we find zero cases in the sample for different sample sizes. Policy actions that require very low prevalence rates may require very big sample to estimate.

Table 1 
	Sample Size
	Upper confidence interval for zero positives in sample

	1000
	0.3682% (4 per 1000)

	5000
	0.0737% (7 per 10,000)

	250000
	0.0014% (14 per million)

	
	





 
Figure 4 shows exact 95 % confidence intervals at very low prevalence rates. These are from adding the error bar bounds in the previous figures on either side of the sample estimate.  We have added here the confidence intervals  for a sample of 250,000 for the national population.

We can also look at confidence intervals for the total number infected based on the sample. Current reported cases are at around 32,000. This is an underestimate since many people will be infected without symptoms, and with symptoms but without testing.  Conservative estimates give a multiplier of 2 or 3 to get actual cases. However factors as high as 10 and 20 for the multiplier have been suggested. A multiplier of 10 gives about 0.08% infection rate and 20 a 1.7% infection rate for the USA. 
Table 2 Cases in the US
	Tested Positive Cases
	Multiplier
	Actual Cases

	32,000
	1
	32000

	
	2
	64000

	
	3
	96000

	
	10
	320000

	
	20
	640000






Figure 5 gives the exact 95% confidence interval for the US number of cases with a sample of 250,000 for multipliers in the range 1-3. We would be able to determine if the true cases were around 100,000 (95 % range around 80,000 to 122,000) rather than just the recorder 32,000

Figure 6 extends the analysis to multiplier factors up to 20 for actual cases. Again, we can accurately determine the multiplier with a sample of 250,000.
At the state level with a sample of 5000 the confidence intervals for the percent infected are the same for every state and are given in Figures 1 -4 . For the absolute numbers infected by state the confidence intervals by state because the same absolute number of infection is at a different percentage of each state’s population. California the largest state has a lot of infections at very low percentage infection rates while Wyoming has very few. We take 3 examples of different states with populations shown in Table 3.
Table 3
	State 
	Population estimate 

	California
	39,512,223

	Massachusetts
	6,949,503

	Wyoming 
	578,759



  Figure 7  show the confidence intervals for the number infected  for California for a sample size of 5000. Figures 8 and 9 show results for Massachesetts and Wyoming. Note that at an estimate of 5000 infections in California the upper bound on the confidence interval is about  40,000 in California. In Massachusetts it would be between about 13,000 and in Wyoming about 6,800. 
If we want to know percentages infected the same sample size is fine across states if we want the absolute number bigger states should get bigger samples. 
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95% Confidence Intervals for California 
Sample 5000
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Figure 8 
95% Confidence Intervals for  Massachusetts 
Sample 5000
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95% Confidence Intervals for Wyoming
Sample 5000 

Estimate	0	116	232	347.99999999999994	464	580	695.99999999999989	812	928	1044	1160	1276	1391.9999999999998	1508	1624	1740	1856	1972	2088	2204	2320	2436	2552	2668	2783.9999999999995	2900	3016	3132	3248	3363.9999999999995	3480	3596	3712	3828	3944	4060	4176	4292	4408	4524	4640	4756	4872	4988	5104	0	116	232	347.99999999999994	464	580	695.99999999999989	812	928	1044	1160	1276	1391.9999999999998	1508	1624	1740	1856	1972	2088	2204	2320	2436	2552	2668	2783.9999999999995	2900	3016	3132	3248	3363.9999999999995	3480	3596	3712	3828	3944	4060	4176	4292	4408	4524	4640	4756	4872	4988	5104	lower bound	0	116	232	347.99999999999994	464	580	695.99999999999989	812	928	1044	1160	1276	1391.9999999999998	1508	1624	1740	1856	1972	2088	2204	2320	2436	2552	2668	2783.9999999999995	2900	3016	3132	3248	3363.9999999999995	3480	3596	3712	3828	3944	4060	4176	4292	4408	4524	4640	4756	4872	4988	5104	0	2.936858452856542	28.098405592143532	71.775881974026547	126.44854002445938	188.36919513531026	255.49123797006902	326.57017397042364	400.78670067340147	477.56886004563415	556.49916444905102	637.2620556545445	719.61224652640533	803.35464448342088	888.3310830099507	974.41123726079263	1061.486222811043	1149.4639645065183	1238.2657797178254	1327.8238024995662	1418.0790106300269	1508.9796929410657	1600.4802432195281	1692.5401942061728	1785.123444596305	1878.1976260652305	1971.7335843094622	2065.7049482634752	2160.087774210609	2254.8602421551477	2350.0024015386593	2445.4959546059831	2541.3240708038215	2637.4712273098994	2733.923069926444	2830.6662956613582	2927.6885453565055	3024.9783146276609	3122.5248723127879	3220.3181894535664	3318.3488775137821	3416.6081306084534	3515.0876788333985	3613.7797412875807	3712.6769874342713	upper bound	0	116	232	347.99999999999994	464	580	695.99999999999989	812	928	1044	1160	1276	1391.9999999999998	1508	1624	1740	1856	1972	2088	2204	2320	2436	2552	2668	2783.9999999999995	2900	3016	3132	3248	3363.9999999999995	3480	3596	3712	3828	3944	4060	4176	4292	4408	4524	4640	4756	4872	4988	5104	427.75220445946616	646.01524055711513	837.6260214458631	1016.4172898040033	1187.2829464642493	1352.6241427749571	1513.8297602262355	1671.7887245112308	1827.110642797081	1980.2351259750812	2131.4915791548815	2281.1343974648175	2429.3649078522503	2576.3456887636066	2722.2102735802873	2867.0699382697339	3011.0185727049106	3154.1362649826183	3296.4919863365758	3438.1456380266777	3579.1496402568387	3719.5501782752808	3859.3881943677807	3998.700185958221	4137.5188536604692	4275.8736315082842	4413.7911278652346	4551.2954897312175	4688.4087131084289	4825.1508995021541	4961.5404780322751	5097.5943947763271	5233.3282735828116	5368.7565567791298	5503.8926273739617	5638.7489133036888	5773.3369816036939	5907.6676188532529	6041.7509041952699	6175.5962707540066	6309.2125648862584	6442.6080928052388	6575.7906692411143	6708.7676545379245	6841.5459911833077	Estimated Number Infected


Confidence Interval 




 Figure 1
95% Error Bars by Prevalence Percentage
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Figure 2
Error Bars for low prevelance percentages
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Figure 3
Exact Error Bars for small percentages (<2%)
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Figure 4 
Exact 95% Confidence Intervals for Prevelance Estimates at Low Prevelance Levels (< 1%)
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Figure 5
95% Confidence Intervals for Numbers Infected in US with 250000 Sample
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Figure 6
95% Confidence Intervals for Numbers Infected in US with 250000 Sample
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